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ABSTRACT

The Common Data Link (CDL) is a full duplex, point to-point microwave

communications system used in imagery and signals intelligence collection systems. I.

provides a link between two remote Lical Area Networks (LANs) aboard coilection and

surface platforms. In a hostile: environment, there is an overwbelmi-g need to dynamically

monitor the link and thus, limi the impact of jamming.

This work describes steps taken to design, model, and evaluate a link monitoring

system suitable for the CDL. The monitoring sys~cm is based on features and monitoring

constructs of the Link Control Protocol (LCP) in the Point-to-Point Protocol (PPP) suite.

Te CDL model is based on a system of two remote Fiber Distributed Data Interface

(FDDI) LANs. In particular, the policies and mechanisms associated with monitoring are

described in detail. Ani implementation of the required meclanisms using the OPNET

network engineering tool is described. Performance data related to monitoring parameters

is reported. Finally. integration of the FDDI-CDL model with the OPNET Internet model

is described.
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1. INTRODUCTION

A. CDL OVERVIEW

This thesis deals with the Common Data Link (CDL), a project of the Defense Support

Project Office (DSPO). The CDL is a full duplex, point-to-point microwave data link

designed to provide jam resistant communications between two remote platforms, such as

an airborne asset and a surface platform. The purpose of the airborne platform is to collect

signal and image intelligence data for transmission over the CDL. In turn, the surface

platform evaluates this data while transmitting command, control, and communication-

information back to the aircraft.

The downlink, or return link, operates at a data rate of 274.176 Megabits per second

(Mbps) as a high rate, or can be scaled down to a low rate of 10.71 Mbps. It is a multiplexed

data stream of bit pipes, ranging in rates from 25 Kilobits per second (Kbps) to 42.84 Mbps.

The bit pipes are hierarchically multiplexed for the 274.176 Mbps configuration as shown

in Figure 1.

The uplink, or command link, operates at 200 Kbps. The transmitted data is comprised

of mostly equipment commands multiplexed with audio and synchronization bits. For the

purposes of this work, it is assumed to be.. unjammable. This assumption is supported by

current microwave link implementations.

B. OBJECTIVES

The primary objective of this work is to design a link monitoring mechanism and its

associatea constructs for th,. CDL. Secondly, the mechanism must be modelled in a

computer simulation, in this case using MF. 3. Inc.'s Optimized Network Engineering Tool

(OPNET), in otder to evaluate the faithfulness of the monitoring design. Additional model

changes will also be pre.scrnted to integrate OPNET models of Transmission Control

Protocol/Internet Frotocol (TCP/1P) into the existing CDL-FDDI model. This integrated

CDL network model will serve as a building block to evaluate the link's susceptibility to

jamming, and will aid in development of CDL-specific applications.
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C. SCOPE

The scope of this thesis includes the following.

• Introduce the Point-to-Point Protocol (PPP) and support its use as a basis

for a link monitoring algorithm.

* Present an approach to link monitoring and the issues surrounding the

chosen approach.

* Discusr, and evaluate the link monitoring -additions made to the OPNET

model of the remote LAN interconnection using CDL.

• Present changes to existing TCP/IP OPNET models to utilize them with

tie enhanced network model.

D. ORGANIZATION

Chapter H provides an introductic. to PPP and its integration into the CDL scheme.

Chaptec III delineates issues involved in developing the chosen link monitoring algorithm

as well as an overview of the process itself. Chapters lV through VI deal with the OPNET

implementation of botb link monitoring and the TCP/IP models. Conclusions and

recommendations are listed in Chapter VII.
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II. POINT-TO-POINT PROTOCOL (PPP)

Requirements for the CDL network interface (NI) have been established and evaluated

by [2]. The recommendations include a remote bridge between the collection and surface

platforms, which is actually a pair of half bridges, each of which connects a LAN to a point-

to-point link. Figure 2 illustrates this remote bridge connection.

The connectivity is to be implemented in the Primary Communication Elements (PCE)

and Surface Communication Elements (SCE) rather than the network layer due to

requirements that the CDL may need to route datagrams from the network layer and bridge

frames from the Media Access Control (MAC). Therefore, some type of link-level protocol

is necessary for communication and data transmission between the two bridges, and the

Point-to-Point Protocol (PPP) is seen as an ideal choice. Detailed discussion of the level of

connectivity is also included in [2].

A. GENERAL DESCRIPTION

PPP is a data link protocol standard adopted by the Internet Engineering Task Force

(IETF), the governing body for standards related to the Internet. The goal of PPP is to

provide a standard method for transporting protocol data units of multiple protocols over

point-to-point links through a simple encapsulation scheme.

PPP has two sub-protocols associated with it. First is the Link Control Protocol (LCP),

which is the administrative arm of PPP. The LCP allows a multitude of establishment.

configuration, and testing options. The second sub-protocol is the Network Control

Protocol (NCP). Its purpose is to smooth out incompatibilities between different types of

net" I -vel protocols (e.g. IP, Appleutlk. NoveU IPX., etc.) and enable their data units to

be v ±ns. itted over one point-to-point link.

B. RATIONALE FOR CHOOSING PPP

Using PPP within the remote bridge scheme deals with the bridge communication and

data transmission issues, but further analysis uncovers many additional benefits to the

4
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CDL. These include, increased bandwidth utilization, link monitoring capabilities.

dynamic reconfiguration, and future expandability to network-level interconnection Each

of these reasons further supports PPP as the protocol of choice.

1. Maximum Bandwidth Utilization

Current CDL specifications describe a fixed multiplexer hierarchy on the return

link. This limits the type of equipment from which information can be transmitted on the

CDL because the equipment must conform to a hard-wired data rate. If the nonconforn.ing

equipment is installed anyhow, a slower unit will waste bandwidth, while a faster unit will

cause overhead in time and extra hardware due to fragmentation requirements. Through

LCP reconfiguration of PPP packet sizes and built-in fragmentation constructs, PPP can

make this multiplexer hierarchy invisible to the applications.

Another difficulty posed by a iixed multiplexer hierarchy is the inability of the

senders to utilize extra bandwidth that may be available in the downlink. For instance, if a

piece of equipment breaks or is not being used, the bandwidth it would normally use is

filled with useless padding in order to maintain link synchronization.

PPP provides a resequencing capability to distribute frames to any multiplexer

input and resequence the data at the receiving end, effectively using all available

bandwidth. In jamming scenarios, non-realtime data which can tolerate resequencing-

related delays can be buffered at the source to be sent as bursts over multiple multiplexer

inputs during non-jarrming periods.

2. Dynamic Configuration Changes

In most miiitary applications, the effectiveness of equipment relies on its ability

to adapt. Different situations call for different capabilities, and in the case of the CDL, its

deployment in the joint services may force a wide array of platforms to be interfaced with

the link for a variety of mission, with different data requirements. Even in any one mission,

information such as imagery may need a higher resolution at different points in time.

6



Though the equipment may have that capsbihty. in a fixed multiplexer hierarchy the

application-to-iuik connecion may not be easily altered

PPP offers a solution to this problem through dynamic reconfiguration of the data

hlik using LCP reconfiguration constructs already in place. Furthermore. PPP can handle

data coming from the onboard FDDI rin S . or from a network-level connection with another

platform, ahl through dynamic configuration.131

.3. Flexibility and Upward Compatability

Another problem caused by the current fixed hierarchy is that deployment of

newer networking technologies would not be easily possible. Hard-wired data rates and a

fixed multiplexer hierarchy hinder any long-term expansion plan, which will be necessary

in the quickly expanding field of computer networks. Current research into gigabit-speed

networks and beyond could cause CDL obsolesence even before itm full-scale deployment,

if the approach to the CDL network interface lacks proper vision of the future.

Work reported here is based on our position that PPP is the point-to-point data

link protocol of the future, both for the CDL and the networking community, in general. It

is an adopted standard, widely used, and easily adaptable to proprietary implementations.

It has been used on TI and T3 links, high-delay satellite links, and is being considered for

gigabit-speed SONET links. Most importantly, PPP's flexibility will make CDL portable

and upgradable, allowing for greater deployment, interoperability, and expanding

capabilities in line with future technology.

4, Link Monitoring

Jamming is a potenti,%l threat in any military application. Even without jamming,

minoi interference can play havoc with data intensive links transmitting through the

atmosphere. Some form of error detection, such as frame check sequences (FCS), must be

used to alleviate this problem.

Any data link protocol has some form of error detection. For instance, FDDI has

an ECS on e m . j.i. js examiincd and evaiuac- Jut iie ultimate destin.tion. The

7



error handling could therefore be left as an. end-to-end problem between the source and

destinsbon.

However, in a CDL socnari.). errors have a much higher probability of occurrence

over the link itself than on the FDDI rings at either platform. Thus, it makes sense to check

each frame as it comes across the lbik. Unfortunately, for the bridging stations to check

each framne would require breaking up each frame, FCS calculations, and refraining in order

to transmit on the FDDI ring. This presents an unacceptable overhead and violates the end-

to-end principle.[4]

The solution proposed is to encapsulate every outgoing FDDI frame in another

frame, namely PPP, with error checking being conducted on the higher level instead of

breaking apart the underlying FDDI frame. Alihough PPP is a data link layer protocol just

as FDDI, it can be used to encapsulate the FDDI frame for poiu-to-point transmission.

Link monitoring also involves reporting the link status. When an FCS is

evaluated, the receiving station knows how the transmission is being affected, but to be of

use in flow control, the information must be sent to the transmitting site. PPP has built-in

link quality monitoring constructs, including a Link Quality Report (LQR), whose

transmission frequency can be negotiated at link establishment time.

C. PPF FRAME FORMATS

Encapsulation in PPP is attained by merely attaching a header to the data to be framed.

Any packet being transmitted through PPP will be prepended with a !6 bit Protocol

IDentification (PID) which identifies the network protocol which spawned the packet. If

PPP is generating a control frame, it identifies the type of control frame. Additional padding

bytes may be appended to the data, if desired.

F'raming requirements are not specifically delineated in the PPP standard [5] to allow

flexibility in impiementation. However. a separate standard has been adopted to provide

High-Level Data Link Control (HDLC) framing to PPP frames [6]. This is the only current

PPP framing standard, but it does not preclude a further study into a more suitable framing

8



method for CDL purposes. In any case, this work assumes PPP will be implemented with

HDLC framing.

1. Multilink Protocol

The Multilink Protocol is a proposed addition to the suite of Internet PPP

standards currently in place[7]. Its primary function is to allow for dynamic changes in the

number and size of point-to-point links between two PPP servers. If this should occur, the

Multilink Protocol enables PPP to maximize its use of the available bandwidth.

It accomplishes this in three steps, illustrated in Figure 3. First, encapsulated PPP

pa.;kets are fragnented, if desired, depending on the data rates of the individual links. This

can be used to transmit each packet across the varying data rates in the shortest time, and

ensuring no one link has data in the transmission pipe longer than any other. Second, all

PPP fragments and other designated PPP packets are further encapsulated with a Multilink

header. In turn, these Multilink packets are encapsulated in another PPP header and finally

framed to be transmitted.

The Multilink Protocol format is shown in Figure 4. In the Multilink header, the

sequence number is a 24-bit value used to keep fragments in order. The 'B' and 'E' bits

designate the beginning and ending fragments of a packet sent in multiple frames. This 4

byte Multilink header may be substituted with a two byte header in which the sequence

number is reduced to 12 bits and the 'B' and 'E' bits remain intact.

The address, control, and frame check sequence (FCS) fields are specific to the

HDLC framing format, and even so, can be negotiated between the PPP servers to not be

transmitted, thereby eliminating unnecessary overhead.

2. Link Quality Report (LQR)

The Link Quality Report (LQR) is an established PPP mechanism which allows a

sender to determine how its data is being received at the receiving end of a point-to-point

link[8]. It is composed of 12 32-bit fields containing statistics maintained at the receiver,

9
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HDLC framing info -. Address Oxff Control 0x03
PPheader- PID(H) OxOO PID(L) Ox3d

Multilink header BI E 1010 0 0O 0.0 sequence number
-sequence number

DATA

Frame Check Sequence

Address: HDLC field - Oxff = all addresses
C.Fontrol: HDLC field - 0x03 = unnumbered information

PID: PPP field - OM~ - PPP Multilink Protocol
B/E. Muitilfink flag - set when this frame is a (B)eginning or (E)nd

fragment
Sequence Number: Multilink field - prevents reordering of fragments

FCS: HDLC field - checksum field

The Address, Control, and FCS fields assume HDLC framing, and even so,
are completely optional.

Figure 4: PPP Multiink Frame Format



as shown in Figure 5. Upon receipt of an LQR, a station appends another 5 32. bit fields of

its own statistics, bringing the total size to 544 bits.

The basic premise in the development of the LQR format and transmission

characteristics is that the transmitter will evaluate its own downlink based on statistics of

the link accumulated at the receiving end. These values are grouped into a PPP frame which

will be sent to the transmitting site. The transmitting site can then independently evaluate

the statistics and reconfigure the link as it sees fit, assuming the receiving side agrees with

the changes. This procedure supports independence between the transmitter and receiver

wherein the receiver does not need to know any capabilities or characterist:'-s of the

transmitter other than those established during link configuration. For CDL purposes,

independence is indeed necessary, but other factors call for significant changes in both the

LQR format and implementation, as well as other aspects of link monitoring in general.

D. SUMMARY

This chapter has presented PPP as a suitnb-l choice for the data link protocol to

interconnect the PCE and SCE over the CDL. This decision is further supported by

numerous additional PPP benefits including increased bandwidth utilization, link

monitoring, dynamic link corfiguration, and future expandability. Relevant PPP frame

formats have also been introduced, namely the basic PPP format, Multink protocol, and the

Link Quality Report. These data frame formats, as well as PPP link monitoring constructs,

form the basis for developing a CDL lin k monitoring mechanism.

12



TRANSMITTED FORMAT

Address Contro PID
Magic Number

I~ ~ ~ ~ U L-.tOutLQRs ______

LasiOutPackets _______

S~LastOutbctots___

PoerlnLQRs
PoerinPackets
PeerdnDiscards

PeerinErrors
PerinOctets___

_____PeerCutl-QRs

- - -PeerOutPackets
Peer-OLAOctets

APPENDED STATISTICS

________________SaveInLORs_____
Savelr Packets

- - Save InDaqaWs _____

_________SavelnErrors ____ __

SavelnOctets

Figure 5: PPP Link Quality Report Formnat



111. LINK MONITORING APPROACHES/ISSUES

A. OVERVIEW

This chapter deals with the development of a link monitoring mechanism, based on

PPP constructs, for the CDL. Figures 6 and 7 graphically present the proposed approach,

whici is outlined below:

1) FDDI frames/datagrams are. encapsulated with a PPP header and

framed.

2) 1t necessary, PPP frames are fragmented.

3) PPP frames and fragments are reframed in the PPP Multilink protocol.

4) Pseudo-random monitoring frames are injected into the data stream at a

fixed rate.

5) The stream of PPP frames is distributed amongst multiplexer inputs.

6) PPP frames are pulled off demultiplexer outputs at the receiving end.

7) PPP data frames are decapsulated and the FDDI frames/datagrams are

sent to the appropriate layer for continuing trnsmission.

8) Errors are detected in monitoring frames, and the results are maintained

in a fixed size history.

9) Using the history length, the fraction of bad packets is calculated.

10) Based on this fraction, LQRs are transmitted at fixed intervals with

information regarding link status (good/bad) and trend since last LQR

(up/down). Link staits is determined (at the surface platform) based on

hysteresis, to eliminate excessive link fluctuations.

11) LQRs are received and used to determine the necessary actions by the

transmitting station.

B. MONITORING PACKETS VERSUS FRAME CHECK SEQUENCES

The first issue confronting CDL link monitoring is whether to use the FCS built into

iDLC-based framing, or use another form of error detection such as individua monitoring

14
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packets. The monitoring packet approach uses either fixed or pseudo-random data streams

packetized, framed, and interleaved with regula, PPP data frames. At the receivi'ag end, the

monitoring packets are easily compared to the expected contents, and errors per packet can

be quickly counted without excessive computation.

On the other hand, an FCS requires detailed calculations, and the complexity of the

calculations increases as the number of bit errors to be detected increases. These

computations must be done twice, once before transmission and once after reception. Also,

FCS can never guarantee 100% error detection, whereas preset monitoring packets always

guarantee perfect detection.

C. MONITORING PACKET GENERATION

Three factors play a major role in monitoring packet generation. They are packet size,

insertion rate and packet format. Individually, each has a major impact on the monitoring

effectiveness, but they must be balanced to avoid unnecessary overhead or undetected link

interference.

1. Packet Size

Monitoring packet size has a clear impact on error detection: the bigger the

packet, the better the BER estimation. However, this factor is limited due to the data

multiplexing at the hardware level. Since each framed monitoring packet is broken up in

the aggregate data stream, monitoring bits are, in essence, uniformly distributed throughout

the data.

This is much more effective than a pattern of a certain number of data packets

followed by one monitoring packet. If the jamming pulse duty cycle was low (short pulses

with longer intervals between pulses), data couid become garbled at a much higher rate than

the monitoring packets, yet an evaluation of the monitoring packets would only show slight

degradation. In contrast, a uniformly dispersed monitoring packet would increase its

detection capabilities in proportion to the number of monitoring packet fragments within
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the data, and the resulting evaluation would be more faithfully indicative of the correct link

status.

2. Packet Insertion

There are two factors with regard to packet insertion: insertion rate and pattern of

insertion. Insertion rate is the rate at which monitoring frames are created and inserted into

the output data stream. A pattem of insertion refers to the manner in which a monitoring

frame is placed into the deta stream at individual multiplexer inputs so as to effect

maximum error detection.

a. Insertion Rate

As in the case of packet size, insertion rate has a clear impact on monitoring:

the faster and more frequently monitoring packets are transmitted, the better the

monitoring. Unfortunately, where the distribution of monitoring bits in the aggregate data

stream limited the impact of packet size on monitoring effectiveness, thib i. not the case

with the insertion rate. Thus, the insertion rate will determine, to a great degree, whether

there is excessive monitoring overhead or sampling of the error events on the aggregate

data stream is insufficient.

b. Pattern of Insertion

Insertion of monitoring frames into the CDL multiplexer hierarchy can take

on three primary patterns. First, monitoring frames may be ir,,ut only on a specific

multiplexer input. Secondly, frames may simply follow a round robin scheme, oblivious to

the data rate of the particular input. Finally, frames can be input to the least loaded

multiplexer input - that input with the smallest queue waiting to be transmitted.

For the first strategy, the main benefit is simplicity. Uidortunately, this

scheme depends too heavily on the load balancing between multiplexer inputs and the

inputs' data rates. If there is no load balancing, the selected input pipe may get backlogged,

forcing important data to compete for transmission time. On the other hand, even if load
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balancing is in place, the input may simply be too slow to handle all the monitoring traffic,

again ( using backlog in the transmission queue and worse, inhibiting the actual

monitoring transmission rate and thereby, the monitoring effectiveness.

A round robin procedure has some of the same limitations as the fixed input

strategy. While the individual load on each input would have less effect, the disparity

between multiplexer input data rates could cause clustering of monitoring bits in the final

data stream. For example, it would be possible to transmit a continuous stream of

multiplexed monitoring bits followed by a stream of data bits. Such a scenario is

undesirable because the errors in the data part of the stream will not be caught by the

monitoring packets. While this extreme scenario is unlikely, a strictly round robin

distribution on disparate data rates decreases the probability of error detection.

While round robin and fixed input insertion patterns are fundamentally

flawed with regard to a CDL situation, a better pattern can be found by evaluating the

discrepancies with each. With fixed input, the primary concern was backlogging any one

input, while round robin was not robust enough to ensure uniform spreading of monitoring

bits. The empty selection insertion strategy solves both problems at once.

Using empty selection as an insertion pattern is effective, but not without its

downfalls, For instance, determining the emptiest multiplexer input requires corstant

monitoring of all inpuc queues and relating queue size to the input's data rate.. Also, a slow

pipe could still be chosen, causing non-uniform distribution of monitoring bits.

The packet insertion strategy must address a trade-off between effectiveness

and simplicity of implementation. Queue monitoring and non-uniform distribution can be

dramatically reduced by using smaller monitoring packets and increasing the insertion rate,

thereby keeping the effective monitoring frame transmission rate constant. To this end,

empty selection is an efficient insertion pattern.

19



3. Overhead and Effective Sampling

In summary, packet size and insertion characteristis are critical parameters in

any monitoring policy. The total transmission overhead can be calculated using these two

criteria (Equation 1). Assuming uniform distribution of momtoring bits, the total amount of

Transmission Overhead = Packet Size (bits/pkt) X Insertion Rate (pkts/s) (1)

overhead is the only factor that will determine if the monitoring bits will be an effective

sampling of the true bi& error rate (BER). This implies that as long as the interval between

monitoring bits in the aggregate data stream is less than the jamming pulse duration, the

monitoring status will accurately reflect the link status.

Now that a quantitative value for overhead can be set, the only question is how to

vary packet size end insertion rate to maintain acceptable overhead. Based on the earlier

evaluation of both factors, we may conclude that overhead policy should be controlled by

varying the monitoring packet insertion rate and maintaining a small moritoring packet

size. This shall ensure a quick monitoring response time while still utilizing the maximum

allowable quantity of overhead.

4. Packet Format

The only issue in relation to packet format was the contents: would it be a fixed

data patom oi some random patern. Clearly both appiuachcs have merits: a fixed data

pattern would be easily compared at the receiving end, but would lack true probabilistic

independence; a random pattern could pass the independence test, but would have no basis

for comparison at the receiving end.

The soiution is again a hybrid of both formats: a pseudo-random generator which

would be initialized by both PPP servers. Now, the data pattrrn is random for all practical

purposes, but is still easily compared to an expected value at the receiving end.
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D. MONITORING PACKET EVALUATION

1. History

When a monitoring packet is received, the number of errors are counted and this

value is placed in an array of fixed length. A pointer is incremented to the next element in

the array, and the next error count is placed in the next element. When the pointer reaches

the end, it resets to the beginning of the array. Each time a new element is entered, a new

ratio of packets in error (in the history) to total packets (in the history) is computed, Aanging

from 0 to 1.

Another idea in evaluating the ratio would be to add up the total errors in the

history, and calculate an average BER and act on that. A runnin3 total can easily be

maintained, just as when counting bad packets. The oidy additional requirement would be

memory increasing from one bit per history element to two bytes per history element. This

is a viable option, but it has not been further explored in this work.

The ratio generated from the history is the basis for transmitting LQRs and overall

link status, so the length of the history is a crucial element in the reporting process of link

monitoring. For instance, a history of length 1 would cause the link to bounce between good

and bad each time the current packet was different than the previous packet. Expanding that

idea, a history of length 10 will oscillate, on the average, at a rate 1/10 less than a history

of 1; a history of length Io at a rate 1/10 that of length 10, and so on. However, a data link

that changes status too slow is as much a detriment as a link which changes too fast. Slow

changes in history cause sluggish response in transmitting LQRs, and result in inefficient

monitoring feedback to the transmitting station. Requirements of a quick response time and

limited bounce force another compromise in order to achieve both desired results.

2. Hysteresis

Hysteresis acts as a history for the history, allowing a small history length for

quick response, and at the same time preventing too much oscillation. Figure 8 illustrates

the principle for the CDL.
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Initially, upper and lower hysteresis bounds are set for the ratio, which will

determine when the link is declared good or bad. The link starts out 'good', and as bad

packets are received, the ratio goes up. If the ratio oscillates between values without

crossing the upper hysteresis bound, the link remains in a 'good' status. Once the ratio

passes the upper bound, the link is immediately declared 'bad' and wil "emain bad until

the lower hysteresis bound is crossed.

Hysteresis bounds must be chosen carefully, as narrow bounds will cause

excessive fluctuation just as a small history length, and wide bounds will create long delays

in link status changes. It is recommended that this be a dynamic attribute, as there is no

method to alleviate erroneous results caused by fixed hysteresis bounds.

3. LQR Transmissicn Frequency

LQRs can be transmitted at a fixed or variable rate depending on the criteria on

which transmission is based. For example, a fixed rate transmission may occur if an LQR

is sent for every three monitoring packets received. On the other hand, a variable rate

transmission may occur if ar. LQR is sent when the last two monitoring packets are bad.

Clearly, a fixed LQR transmission is easy to implement, while a variable rate allows for

flexibility and better trend evaluation. Using the positive aspects of both transmission

methods, another compromise is seen as the best approach for the CDL.

The method recommended is a fixed rate based on the ratio. The interval between

the ratio bounds of 0 to 1 is evenly divided into a certain number of divisions. An LQR will

be sent as each threshold is passed, either increasing or decreasing. This translates the fixed

rate into a variable rate, as LQRs will be transmitted at a rate commensurate with how fast

the ratio is changing, i.e. the slope of the ratio curve. This can impart an urgency to the

transmitting station that something is causing the ratio to change quickly, and the link may

go bad soon.

This process can only accurately perceive a quick change in the ratio if the

monitoring frames are being transmitted at a constant rate. On the other hand, another
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approach is where the monitoring frame transmission rate could change based on a fixed

LQR transmissioi rate. However, this option was disregarded because evaluation logic and

dynamic transmission capabilities would be necessary on the collection platform. As

explained in the next section, it is desirable to keep the collection platform as simple as

possible.

E. LQR EVALUATION

1. Evaluation Location

When constructing the monitoring algorithm, the physical limitation which stood

out was the disparate data rates of the downlink and uplink. Secondly, weight, spaie, and

equipment requirements added to the notion that most of the link monitoring acticns and

evaluations should be conducted at the surface platform, and as little information as

possible should be transmitted on the low data rate uplink that was not concerned with

mission command and control. Therefore, while the collection platform actually eN aluates

the l.QR, the LQR construction must be conducted on the surface with as much information

packed into as few bits as possible.

2. Information Content

Due to the minimal bandwidth available for transmission, the actual PPP LQR

construct is not a viable option. instead, a proprietary LQR is recommended which must

contain, at a minimum, the status of the link. Additional requirements would be based on

mission type and applications being used. For general purposes, a two-bit report was

deemed sufficient, which included link status and the trend of the link.

In a different context, minimal information transmitted to the collection platform

can have a multitude of possibilities. For instance, a transmission containing n bits could

lead to 2' possible actions to be taken. Secondly, each different value could signify a

threshold at which certain BER-sensitive applications could sleep or wake up. A final
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scenario can be seen where the bits cculd be interpreted as a preset contingency action, such

as a fiequency shift.

3. Acting Upon an LQR

No study has been done to determine actions to be conducted upon receipt of an

LQR. Minimum requirements for LQR content have been established, but no hard ai-d fast

evaluation implementation has been recommended. However, it is recommended that LQR

information content should be based on a general mission scenario common to CDL

deployment situations, while evaluation methods should be variable based on specific

mission and platform scenarios.
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IV. OPNET MODELLING OF PPP AND LINK MONITORING

A. BASIC OPNET CDL MODEL DESCRIPTION

The CDL has been modelled in OPNET as two remote FDDI LANs connected by a

number of point-to-point links Figure 9 shows the OPNET network level representation of

the model. Ring 0 represents the Collection Platform (CP) LAN and ring 1 portrays the

Surface Platform (SP) LAN. The four point-to-point links terminating at ringl denote

components of the 274 Mbps return link, while the one link back to ring 0 models the 200

Kbps command link.

Each basic FDDI station, illustrated in Figure 10, has the capability to transmit

synchronous and prioritized asynchronous traffic.Additionally, the station collects

statistical data particular to the OPNET implementation. Llc_src and lic_sink are OPNET

model entities of the Logical Link Control (LC), while mac represents the FDDI MAC

ringO ringl

Figure 9: Top Level CDL Model
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licsink

Figure 10: Basic FDDI Station

layer. Finally, phy_tx and phyrx represent the physical hyer transmitter and receiver.

Additional details of this FDDI station model can be found in [9].

Application comections are represented ty 10 stations on each ring, each of which can

transmit data on the ring destined for any station on either ring. Each LAN has a bridging

station, designated 19, which is the LAN's connection to the CDL. Figure 11 shows the 10

station ring, while Figure 12 shows the collection platform bridging station. The additional

modules in Figure 12 represent four point-to-point transmitters and one receiver for CDL

communication.

The command link is modelled as one point-to-point link with a data rate of 200 Kbps.

The return link is modelled as four links with different data rates, currently set at 1.53, 3.06,

21.42, and 42.34 Mbps. The links are connec'ed to transmitters/receivers patched into the

Logical Link Control (LLC) of the bridging stations.

Jamming is introduced over the point-to-point links as a function of varying bit error

rate (BER). Two jamming types are currently implemented: a channel-swept jammer with
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fixed durations and intervals, and a plse jammer with random duratiens and intervals.

Both jamming configurations use a random, uniformly distributed BER with maximum

values defined for jamming periods and intervals between jamming.

There are also two load balancing algorithms used: rouna robin, which distributes

incoming frames in a cyclic fashion, and empty selection, which puts the cva-rent frame on

the link with the smallest send queue. Details of bot jamming and load balancing

algorithms and their implementations may be found iu [10].

B. OVERVIEW OF CDL MODEL CHANGES

Chainges made to the existing OPNET model are very basic with the intent of

maintaining as much previo'isly written code as possible. Actual code modifications are

done on only five files in the model:

- collection platturm LLC sink process model (cpjddi-sink.pr.m)
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- collection platform LLC source process model (cp_fddige.pr.n)

- surface platiorm LLC sink process model (sp_fddisink.pr.m)

- surface platform LLC source process model (sp_fddigen.pr.m)

- point-to-point error allocation pipeline stage (cdl_pt_error.ps.c)

The entire list of changes can be broken down into 3 areas. The first area is data

encapsulation, which deals mostly with the new PPP packet formats and their various

fields. The link monitoring algorithm is the second area, which caused most of the code

changes. This includes not only the model files listed above, but also new attributes in the

simulation environment file. Finally, statistic and probe additions were necessary to record

relevant data. For completeness, a section is included on how to use this model for

experimentation.

C. DATA ENCAPSULATION

Code changes to encapsulate data are minimal. They include creating a formatted PPP

packet and seting the PID. Any actions to be taken are based on the assigned PID, and

coded using a switch() statement. This structure allows for individual additions of PID

options and easy debugging of packet contents.

Two different packet formats are used for this implementation: one for standard PPP

frames, and one for Multilink frames. Ideally, one packet should have been sufficient, since

both are actually PPP frames. However, the separate packet formats allow for simpler

simulation coding, since otherwise each information field would have had to be

dynamically created. Figure 13 shows both formats as they are seen in OPNET's Parameter

Editor.

1. Standard PPP Format

The standard PPP packet format includes all the basic fields of an HDLC-framed

PPP packet. The only editable fields are the high and low bytes of the PID. The

"information" field is present for higher level encapsulation, but none is currently used.
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Other than a higher level packet, any information to be transmitted in this type of

PPP packet, such as LQR data or other PID-specific fields, must be hard-coded using a

kernel procedure, opjk_fdset. An example can be found in the file sp.ddigen.pr.m,

where the LQR data is added to the PPP packet.

2. PPP Multilink Format

The Multiuink packet has the same basic elements a& the PPP packet, with the

addition of fields specific to a Multilink racket. The overall packet is formatted with the

optional Multilink Protocol header using a 12 instead of 24-bit sequence number and a B,

E, and filler sequence of 4 bits instead of 8.

The "BE" field is listed as information because a fragmenting procedure has not

been implemented with this model. Also, the field name "FDDIframe" is only for

semantics; any frame or datagram can be inserted into this field, as long as it is in an

OPNET packet format.

D. LINK MONITORING MODEL

1. CoL.action Platform (CP) Logical Link Control (LLC) Sink

All FDDI frames destined for the SP come up through the MAC layer to the

Logical Link Control (LLC) ,ink on the bridge station. Also, any frames generated by the

bridge station which are destined for the SP also pass to the sink module from the bridge

station's own LLC source.. These frames are refrained in PPP frames and queued for

transmission to the SP bridging station's LLC source based on the load balancing algorihm

selected in the environment file.

For monitoring packet generation, the insertion rate (named linkmontransrate

in the code) is retrieved from the environment file. Upon process initialization, the 'INIT'

state schedules a process self-interrupt at each increment for the duration of the simulation.

When this self-interrupt occw s, the 'DISCARD' state creates a monitoring frame of a fixed

size (mon pktsize), which is read in from the environment file. The frame is then

enqueued based or. the load ba! -ncing algorithm in place for the regular PPP data frames.
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The monitoring frame itself is a PPP frame structure with a fixed size assigned via

a kernel procedure equal to the desired monitoring frame size. Due to OPNET's enor

allocation constructs and the methods used in designing the model, there is no need to

generate a pseudo-random bit stream as the contents of the frame have no bearing on the

number of bits deemed to be in en-or.

2. Pipeline Error Allocation Stage

In OPNET, each link, whether a point-to-point, bus, or radio link, is defined as a

number of stages where certain actions take place. For instance a point-to-point link uses

three stages, each represei,:ed by a separate C program: propage.tion delay, error allocation,

and error detection. None of these programs is used in the OPNET graphic interface except

to assign their names to the stage attributes of the appropriate link in the network, as shown

in Figure 14. Also, these programs must be edited through a separate line editor and

individually compiled before the overall simulation can be archived and bound.

niabe 
i 3

trammitter ringO fg. pt.4

receiver ringl fg. pr4
delay promoted

ber 0.0 (err/bit)
c ondi tion enable d

user A 3
cost 0 0
(is 3) Attributes

rang0 rizx1 txdel model dnt_ :xdel

propdl model dpt_propdel
error model cdl_pt_error

ecc model dpt ecc
CoIr.: RG0233I
redefaine path

extended attr3
3 &_length provioted

Figure 14: Pipeline Stage Name Setup in OPNET Network Level
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Each packet is acted on by these stages, with the resulting values assigned to a

fixed set of kernel variables unique to each packet. For instance, each packet has a kernel

variable named OPC_TDA_FT_NUM_ERRORS, but the value contained is unique to the

packet.

The errors ir P packet are calculated using a timestamp, the size of the packet, and

the jamming pattern seL up in the environment file. [10] deta. .s this error allocatien

procedure. Consequently, this total qt antity of eruis is put into

OPC_TDA_PTNUMERRORS and is carried with the packet until it is read in the surface

platform LLC source process.

3. Surface Platform (SP) Logical Link Control (LLC) Source

PPP frames are rec;eived at the SP LLC source on all four point-to-point links

from the CP and are evaluated based on their PID's high-order byte. Data frames aie

decapsulated and sent to MAC layer for forwarding, or if the frame is destined for the SP

bridging station, it is passed to the LLC sink layer for dispositon. Currently, when frames

reach the final destination's LLC sink, they are discarded without prejudice.

All monitoring frames have a high-order PID byte of OxcO. Once a monitoring

frame is detected, the low-order PID byte is evaluated to determine what type of monitoring

frame it is. Current implementation &ssumes all LCP frames (ow-order PID byte = 0x21)

are monitoring packets. The number of errors computed from the point-to-point link is then

read and put in the history.

Tlie history is generated in the 'INIT' state by a function call named

createhistory. The call requires an integer size, wtich is obtained from the environment

file. A dynamically allocated circular linked list of integers is created, and a pointer is

returned to the first element in the list.

When arn error value is added to the history, the pointer is incremented to the next

element. A counter is then incremented or decremented to reflect if the frame had errors in

it. A new error ratio is computed, and it is compared to the ratio when the last LQR was
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sent. If the difference is greater than the LQR reporting criteria, the link status is

reevaluated and an LQR is sent with the latest information.

The link status is coded as one integer value, ranging from 0 to 3, which imparts

two characteristics of the link, These characteristics are the actual status (i.e., good or bad),

and the trend since the last LQR transmission (i.e., up or down). T.-e integer vidue reflects

the decimal equivalent of a two-bit representation where the atus is the high bit and the

trend is the low bit. This is shown in Figure 15.

Hyste;ss.s is implemented by comparing the new ratio to each of the hysteresis

boundaries. This will only lie checked if an LQR is due to be sent, so &e hysteresis bounds

should be placed at a multiple of the LQR reporting criteria. If either of thes boundary

conditions have forced a status change, the good/bad status is reset; otherwise, the status bit

remains unchanged. In any case, the old trend is then stripped and reset based on the latest

comparison. Finally, if an LQR is to be sent. a PPP frame is formatted in the LLC source

and sent to the LLC sink for transmission to the collection platform.

4. Surface Platform (SP) Logical Link Contrel (LLC) Sink

This process, just as the collection platform LLC sink, encapsulates all FDDI

frames from the MAC layer and any data from the SP LLC source to be transmitted to the

.. .. .. .. ... . ... . ... . .... .. .... .. ...- - -- -- -- - - -- - -- --- -- -

PPP header a b:

Bit a: ink Status
0 -Good
1 - Bad

Bit b: Unk Trend
0 - Down
1 - Up

Figure 15: LQR Format in OPNET
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CP. Since PPP-encapsulated LQRs are sent from the LLC source, a check is introduced to

bypass all FDDI data collection and PPP encapsulation if the incoming packet is already

encapsulated. All PPP frames are then transmitted to the collection platform.

5. Collection Platform (CP) Logical Link Control (LLC) Source

Once a PPP data frame is received at the CP, it is decapsulated and the data is sent

to the MAC layer for further transmission. If the PPP frame is a control frame, it is expected

to be an LQR, since there is no need for monitoring the 'unjammable' 200 kbps uplink.

The LQRs contents are evaluated and a message is printed out to the screen giving

the link status and trend. Since no policy has been determined for LQR implementation, the

frame is then discarded with no action taken.

E. ENVIRONMENT FILE CHANGES

All attribute changes and additions in the environment file, as with the code changes,

pertain only to the bridging stations. An example environment file used to generate data can

be found in Appendix F. The added attributes include:

* link monitor transrate - the rate at which monitoring frames are inserted

into the downlink bit stream (secs/pkt)

* monitoring pkt size . the physical size of the monitoring packet (bits)

LQOR transmission delta - the ratio change required before an LQR is

transmitted

* upper (lower) hysteresis threshold - the boundary ratio values which

determine if the link is good or bad

* history length - the number of monitoring packet values maintained to

calculate th5 ratio

Additionally, receiver ecc threshold and transmitter/rec-..iver data rate built-in

anributes have been promoted to the environment file. For ecc threshold, if the value is

zero, any incoming packets with errors will be discarded at the receiver, and no monitoring

would ever be conducted. As for data rates, promoting these attributes allowed quick

changes to determine the effect of transmitting monitoring frames on various data rates.
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F. PROBE/ANALYSIS CHANGES

Six new statistics were added to the simulation to monitor simulation performance aid

ensure proper operation of the link monitoring algorithm. Code changes to implement these

statistics are found in the CP LLC sink, the pipeline error allocation stage, and the SP LLC

source. Finally, reading the local statistics required additional probes in the simulation's

probe file, fddi-cdl.probe_special.pb.m.

1. Jamming Tracking

In order to compare the monitoring results with the jamming taking place, an

accurate picture of the jamming had to be generated. Since jamming is implemented as a

random value within fixed bounds of time and maximum BER, the jamming input

parameters could present the basic jamming pattern but not the precise BERs associated

with etch time slot. Therefore it was necessary to generate a statistic when the jamming is

actually taking place in the code. Unfortunately, this action occurs in the pipeline error

allocation stage, which can not utilize local statistics as a normal processor module such as

a transmitter or queue would.

Anothctr option would have been to send the BER and a timestamp to a processor

which can maintain local statistics. However, the only data which can leave a pipeline stage

is assigned to the kernel variables described in the previous section, and each of those has

a distnct purpose in the operation of the pipeline.

In the end, global statistics are used to maintain the data. These are able to read

data generated anywhere in the simulation, but must be initialized by generating a "global

statistic handle", which is to be maintained using a state variable. Pipeline stages have no

mechanism for declaring state variables, so the handles are created as an array of handles

in the 'INIT state of the CP LLC sink module and externally declared in the error allocation

C prograui. A global flag is also set when the handles are created to prevent the error

allocation program from writing to an undeclared statistic.
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Since each of the four pipelines uses the same error allocation stage, a distinction

must be made between each pipeline for data collection purposes. The solution was to use

the user id, a built-in, user-defined attribute assigned to each pipeline. For simplicity, the

user id was assigned, at the network level, to the corresponding global statistic array index

value, numbered 0 to 3. Meanwhile, the command link pitline has a user id of 10, one

order higher than any of the return link pipelines. Besides being set in the OPNET network

model, the value is assigned as a constant in the error allocation stage for comparison

purposes when saving statistical data.

2. Link Status Statistics

In the SP LLC source, two local statistics are added: RATIOOUTSTAT and

LINKSTATUSOUTSTAT. These names are defined in the header file to correspond to

two output statistic values, which in turn are probed to display the bad packet ratio and the

link status (good/bad). RATIO_OUTSTAT is the straightforward ratio, while

LINK_STATUSOUTSTAT is scaled to display a 0 or 1 for good or bad, respectively.

3. Additional Changes

Numerous lines of previously created data collection code have been commentcd

out. The purpose of this was to shrink resulting vector files containing as much as 8 MB of

data for a 10 second simulation run. It should be noted that global statistics, whic .i account

for most of the vector data in this case, are saved in a vector file each time a simulation is

run, and do not need to be probed to be saved. To alleviate this, the OPNET modelling

manual recommends using a condition flag to decide at runtime whether certain global

statistics should be saved.

G. RUNNING EXPERIMENTS

Running experiments requires changes to two files: the environment file to be used,

and the script file to be used. Examples of each are shown in Appendices F and G,
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respectively. Environment file changes for link monitoring consist of altering attributes

listed in section D of Chapter V.

The purpose of the script file is to allow the user to run the simulation without using

the OPNET graphical interface. This frees up valuable memory, and allows for background

execution. It is recommended that only one simulation be run at a time because simulations

running concurrently compete for resources, and this can lead to both simulations crashing

with no useful data to show for the 30 minutes of execution time. However, the script file

does allow for successive executions without user interaction.

The script file in Appendix G is set up to run the same simulation executable,

fddi_cdl.sin, four times. On each run, a different environment file is used, and the results

are saved in a different vector file. The probe file and simulation duration are also specified

on the command line. The shell environment variable, debug, can be used by the OPNET

simulations to invoke the OPNET on-line debugger, but as this requires user interaction, it

defeats the purpose of the script file.

Lastly, there are two other requirements to ensure a smoothly running script file. First,

the .sim. file is an executable, so when executing the script, the .sirn file must be in the

current directory, or the entire path must precede the nane of the executable in the script

file. Secondly, an up-to-date envdb file must be present in $HOMEop admin. If this file

is not found, the simulation will not run at all
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V. MODEL EVALUATION

A. OVERVIEW

This chapter provides test runs to demonstrate the reliability of the OPNET computer

model. The tests show a changing BER, the resulting monitoring packet error ratio, and the

resulting link status changes. Additionally, parameters are varied to demonstrate the effects

of history, hysteresis, and insertion rate on the overall link status.

B. TESTING SCENA.RIO

A baseline model was developed for the CDL in [10]. This model was used as the

testbed for link monitoring testing. A minoc change was required to reevaluate the load

balancing algorithms, as well as adding a situation where all monitoring packets are

directed to one specific multiplexer input. Otherwise, the original model code remained

intact.

Tests were only conducted on the return link, since monitoring is only needed on that

link. For these tests, most attributes listed in the simulation environment file were retained

from the baseline model. Any additionally required attributes were promoted to the

environment file. in summary, any attribute which was varied for simulation purposes was

put in the environment file.

The 11 variable environment attributes listed in Section IV.E, as well as the two load

balancing algorithms and the two jamming techniques, led to 23 different model runs to

ensure reliability. For a basic reliability test, a periodic jamming pulse is introduced over

all four return link point-to-point links. Figure 16 shows the jamming pulse over one of the

links, however the jamming is identical over all four links. The duration of each pulse is

long enough to ensure that it would be detected by the monitoring system regardless of the

parameter settings. Figures 17 and 18 represent the monitoring output in the form of the bad

packet ratio over all four links, and the resulting link status (0-good, 1-bad). Clearly, these

figures show that the basic model operates as expected.
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Figure 18: Link Status for Basic Monitoring Test
C. PARAMETER VARIATION EFFECTS

Subsequent tests now need to verify that trends in certain attributes affect the model

as expected. This is accomplished by varying only one attribute for 3-4 trials and

comparing the results. For purposes of discussion, one set of dqta is presented to support

each case; however, numerous data sets were evaluated to ensure reliable model

performance.

1. Insertion Rate

As previously discussed, insertion rate has a tremendous impact on the resulting

bad packet ratio, and, therefore, the overall monitoring scheme . It is assumed that insertion

rate is directly proportional to the change in bad packet ratio: the faster the insertion rate,

the quicker a change may occur in the ratio. To demonstrate that idea, four runs are shown

in Figures 19 through 22. Each of these examples are exactly the same except that the

insertion rate is decreased by a factor of 10 in each subsequent graph.
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Figure 20: Insertion Period of 7.29 Milliseconds (ms)
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Figure 4 has an insertion rate of 1 monitoring frame every 729 microseconds.

Assuming full utilization of the aggregate bandwidth, that equals one 5,000-bit monitoring

frame for every 10 20,000-bit data frames, or an overhead of approximately 2.5%.

Likewise, Figure 5 shows an insertion rate of 7.29 milliseconds, equalling .25% overhead,

and so on.

The jamming pulse used here cycles every 0.8 seconds with a 0.4 second pulse

duration. Clearly Figure 19, with the highest insertion rate, has the best picture of the

jamming. In Figure 20, slower response is evident due to the lower insertion rate, yet a

decent picture is maintained. However, Figures 21 and 22 show increasingly severe cases

of undersampling, where the monitoring frame insertion rate is so slow that the ratio can

not accurately reflect the jamming. This conclusively shows the expected results of

decreasing insertion rate, verifying the model for this attribute.

2. History Length

It is assumed that the history length is inversely proportfonal to the ratio rate of

change: the longer the history, the less effect each monitoring frame has on the overall bad

packet ratio. This fact can be verified by simple calculation, while the graphical

representations shown in Figures 23, 24, and 25 show two characteristics related to

increasing history length.

Figure 23 is a scenario with a history length of 20, while Figures 24 and 25 show

the same test run with history lengths of 30 and 40, respectively. The jamming is different

over each of the four links, to simulate a widely varying jammer, while the monitoring

packets are inserted in a round robin fashion.

The first point of interest is the expected decrease in the rate of change in the ratio.

At the same point in time, each successive graph takes slightly longer to register a drop in

the jamming. This is a direct result of increasing history length.

Of more significance is the fact that the rate of change for each successive run is

only slightly lower than the previous run. One may assume the rate of ratio change should

45



bad paoket ratio 71

0.6

0.7 . .......

0.2

0.4

7 7.1 7.2 7.3 7.4I

tiw~e (sto)

Figure 23: History of Length 20

0,Z)
bad paoktt ratlo 7_2

0.9 7

0.6 ..

0.4

0.31~- - - - ~ . .V-

7 7.2 7 2 7. 7.5

I ______ -time (Sec) J

Figure 24: History of Length 30



<Z)

bad paoket ratl. 7_3

0.5

... . . .. ....... . .

....... .... .... ........ ..... ......
0 .2 7 .................. .... ........... ...... :, ..................................... ,......... .... ......... ................ ... ................ .. ............. .. ............... ... ...... ...............0.3

... ............................ ... ... .... . . . . .... .... ............ ....... ........... .................. .. ,. ..................... ................... .... .. ................................ ..
0 . .. .. .. .........J .... ............... .... ... .... ..... . ..... ........... .. . .. .... .... ... ......

0.1 -ii

0
7 7. 7.2 7.3 7.4 7.S

tIMA (Sec)

Figure 25: History of Length 40

be more significant, and it would, except that the increased history length biings the

extreme values (high and low) closer. As a result, the packet ratio's trend changes more

quickly than if the peaks were the same as a run with a smaller history. Although this is a

benefit of longer histories, the closing of the peak values causes a significant impact on

hystere.sis and the determination of appropriate hysteresis bounds.

In any case, it can be seen that the model accurately represents the effects of

changing histo-y length.

3. Hysteresis Bounds

The implementation of hysteresis is a simple comparison of the current bad packet

ratio to bounds input into the simulation through the environment file. While that is not

,ignificant and can be visually evaluated, what is important is the effect hysteresis has on

link status.
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In a simple scenario, where jamming is fixed and periodic (not highly likely),

hysteresis would haive very little impact. Figure 26 which illustrates such a situation, shows

(3)

o bad paoktt ratio 4_4

t Ji hk Statu

2.25- -

I - sic)

Figure 26: Hysteresis Used in Conjunction With Perio&c Jamming

that periodic jamming is accurately reflected in the bad packm, ratio. Although this test run
was conducted with hystresis bounds of 0.5 and 0.3, it is asy to see that replacing +1-e

hysteresis with a single pivot value thigher than 0.3 would actually improve the amount of

time that the link would be declared good, as well u eliminate thr Aieed fei- any hyste.esis.

On th, other hpnd, non-periodicjamming, ais Figure217 shows, does not lend itself

to a single pivot value. Here it c&P be seen that without hysteresis, but with a single pivot

value set at 0.4, excessive oscillation would occur that could affect c--:,:pment performance
and long teim wear on circuitry.

1). SUMMARY OF RESULTS

Each of the previous examples shows tehad the OPNET computer model acCiurately

converts chjiges in BER into a li monitoring ratio. In turn, this ratio is properly
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Figure 27: Hysteresis Used in Conjunction With Non-periodic Jamnming

evaluated in a manner consistent with the proposed link monitring mechanism. More

specifically, significant characteristics of the modelled Jink monitoring mechanism behave

as expected. Put together, these factors lead to the conclusion that the iink monitoring

system, as implemented in conjunction with the baseline OPNET CDL model, accurately

reflects t.he link monitoring design presented in Section III of this thesis.
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VI. OPNET TCP/IP MODELLING

A. PURPOSE/SCOPE

The long term goal of the OPNET network model is to integrate it with a working

netiwork, transport, and application layer in order to better measure user-to-user

performance over the CDL. TCP/IP has been chosen for the model because of its

widespread implementation. MIL 3 supplier, a baseline TCP/IP model within an Internet

model, but the TCP model is very simple ih that it is based on the original 1981 TCP

standard and has not integrated any of the improvements used in present-day TCP suites.

These improvements include Karn's algorithm, Jacobsen header compression, and round-

trip time estimation, among others.

The work for this portion of the project is the first step towards fll-scale integration

of the CDL network model with TCP/IP. Additional changes are recommended to enhance

the TCP model and change the application models into CDL-specific applications.

The scope of this section is limited to OPNh," code and model changes designee, to

integrate the CDL network model with the OPNET generic internet model. No evaluatf.ors

are conducted except to verify that the model runs correctly.

B. SUMMARY OF CHANGES

The changes to integrate the two models revolve entirely around communications

between layers, primarily the network protocol (IP) and tne data link protocol (FDD. LLej

MAC layers). Since each model is self-contained, and substantial changes have beeA nizdl,

to the network model, additional changes must be made to both models to work togea'itr

properly.

For instance, the basic Internet model station's IP layer is designed to commuw;ate

directly with the OPNET's basic FDDI MAC layer, as shown in Figure 28, wh:lc. the

integrated basic station model calls for an LLC layer between them as well as a

substantially different MAC layer, shown in Figure 29. On the other hand, the CDL
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Figure 28: Basic OPNET Interet Station Model

network station model, previously shown in Figure 10, has no layers above the LLC, so all

traffic is created and destroyed in the LLC instead of at the application layer.

To alleviate communications problems, the OPNET data packets and Interface

Control Information packets (ICIs) must be revamped to communicate correct and relevant

data between the LLC and the MAC. Also, code Anu~t be introduced into the pertinent

processor modules to enable usage of the new data packets and ICIs.

C. PACKET[ICI FORMAT CHANGES

In OPNET, data communication between any two processors is done by sending a

packet and/or I(CI to an adjoining processor through a stream. A packet is used to model the

flow of actual data, while an ICI is used to model control information between layers.
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Figure 29: Integrated CDL-TCP Basic Station Model

OPNET allows direct packet communication between any two processors anywhere in the

model, bypassing the streams, but utilizing this feature violates the model's integrity and is

discouraged.

The first area of interest is the stream connecting the arp module to the llc source.

Originally, the arp was designed to communicate directly with the MAC layer using a

packet, ip_dgram, and an ICI, ip_mawc_req. These formats are satisfactory and are left

intact, forcing the llc_.source module to conform to the new inputs,
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The llc.source module used in the network CDL model transmits a packet using the

fddi tic fr format, and an ICI using thefddi macreq format to the MAC layer. However,

this packet did not conform to standards put forth in [11]. So, the packet was modified to

contain the appropriate information, while all other data, still necessary to be passed to the

MAC layer, was placed in the ICI. Figures 30 and 31 show the new packet,fddillcfrftcp,

and ICI,fddi_mac req tcp.

typeuid Meetz O1talt Valuet I-71tsezi it
ii j~o niti* S170 set

1WSJ ~o nutl£oa i

o5rg coat jietJ.# 4 0 SetI- -I-
C' ttlo 'Inh omat~i 48 34 set,

-tt 21ii 16 12046 ltI
datqra packt 1 .uet

m--

Figure 30: LLC Frame Formatfddilcjrtcp

l[ /At a ]Dtftu .,t v~e §1
destAdr intefer 0

f-.i t¢tn 0 a ._

€rtz ie double I I

Figure 31: LLC Source to MAC ICI Formatfddimac-reqtcp
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Insiae the MAC and physical layers, an OPNET packet is passed from station to

station without an ICI. However, data not included in the MAC frame header, needed for

FDDI performance calculations, must be transmitted with the data to be collected at the

final destination. Normally, this information would be placed in an ICI, which in turn

would be attached to the MAC frame. In this case, though, since there were only two pieces

of data, the information was simply appended to the MAC frame format, as shown in Figure

32. It is important to note that the fields in question, pri and cr-time, have a size of 0 bits.

[11ed e m (bi t fa ___ __ __ __ __ ____________

fe integer 8 =siut

dcstaddr mt4gtr 41 Ut
-- IIuu

Mvolass rotifer 0 ;mstt

pri integer 0 unuet

tk-clu, ntttr 0 ,,, t

cr.ta, doubit 0 ustt

Figure 32: FDDI MAC Frame Formatfddimac_frtcp

This is so the contents of those fields will not be counted towards the total FDDI bits

transmitted, transmission delay, or error calculations.

Up from the MAC to te LLC sink, the same packet format is used as in Figure 30, but

a different ICI is used. The new ICI format, fddi-macindtcp, (shown in Figure 33), is

used because most of the fields passed irfddi macreq_tcp pertain to the FDDI tok,;n and

type of service. Most of this information is unnecessary above the MAC layer, although the

pri and crtime fielis arc stil required for data collection.

D. CODING CHANGES

Changes were made to the following CDL network model files:
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Figure 33: MAC to LLC Sink ICI Formnatfddinacindjcp1

*fddi station .nd.m - -> inetjddinix.nd.m

*cpni.nd.m ->cpnitcp.nd.m

-spni.nd.m - >spnitC'p.nd.rn

cqp~dd~gen.pr.m ->cpjddigentcp.pr.m

cpjfddisink.pr.m - >cp~ddisinktcp.pr~m

.spjfddigenpr.m ->sp~fddigentp.pr.m

-spjfddisink.pr.m - >sp jddi sink_fcp.pr.rn

-fddi_1nac.pr.rn -- > fddi_mac_statS pr.m

-cpjfddimac.pr.rn -- > cpjfddimac_ tcp.pr.ta

-sp~fddimawc.pr.m - -> spjddi mac cp.pr.m

The network level changes consisted of new icons for eacn of the rings, and a different

icon for each LAN station, as ill jstrated in Figures 34 and 35. Each non-bridging staionin

an inetjddinix node model as shown in Figure 29, ThMe CP and SP bridging stations are

shown in Figures 36 and 37, respectively.

All coding changes for this inodecl addition were done to im~plement the packet and ICI

changes delineated ";,i the previous section and are explicitly commented in the appondic.-s.

The only noteworthy clianizes occurre'd in the bridgring vtntionm
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Figure 35: TCP-enhanced FDDI Ring

The bridging stations are unike the basic ring stations in that they also use PPP. This

means that the LLC source and sink on each station may be handling PPP frames, IP
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Figure 36: TCP-enhancedl CP Bridging Station

datagrams, and LLC frames simultaneously. Furthermore, the added stream between the

LIC source and sink requires special ICI formatting considerations.

Many different situations arise because of the multiple formats entering and exiting the

LI.C. At the LLC source, each PPP frame could be a control frame, an LI.C frame for the

local LAN, or an encapsulated IP datagra for the bridging station. Likewise, LL.C frames

rriving at the LLC sink could be destined for the remote LAN or the higher layers of the

bridging station.

In the CDL network model, any LI.C frame coming from the MAC usesfddi_Pacind

as its ICI format. However, from the LL.C source to the sink, the ICI used isfddim!ac req.
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Figure 37: TCP-enhanced SP Bridging Station

This conflict is solved by new fields already added to thefddimac indtcp ICI. Due to

changes already in place because of the new LLC frame format (Figure 30), all ICIs going

into the LIC sink are identical, eliminating a significant portion of code.

Another problem with the new LLC frame format can be seen as frames are

transmitted over the CDL. As can be seen in Figure 3, once an LLC frame is transmitted to

the remote LAN, there is no data field directly accessible to s~a the ultimate destination.

An ICI would be beneficial, but the ICI would be tied to the transmission of the PPP-

encapsulated LLC frame, and would have to be retrieved at the remote bridging station,
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reinstalled to the decapsulated LLC frame, and then sent to the destination address. This is

feasible, but cumbersome.

A solution is found using the Kernel Procedure oppkiciset. This procedure ties the

ICI to the packet rather than the transmission event. Therefore, an fddi_mac-req-tcp ICI

can be installed to the LLC frame, encapsulated in PPP, transmitted, decapsulated, and sent

to the LLC source layer. There it can finally be accessed for proper routing of the LLC

frame.

E. CONCLUSION

The TCPiIP changes are very basic, yet they involve every facet of the LLC source,

LLC sink, and MAC layers. The changes are small and spread out throughout the code, but

well documented. It is recommended that this model be used as the primary building block

to achieve full TCP/IP functionality in the CDL network model.
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VII. CONCLUSIONS AND RECOMMENDATIONS

A. CONCLUSIONS

In tl s thesis, we have presented and modelled a link monitoring mechanism for the

CDL. The effectiveness of this mechanism is measured by normal test runs, and by varying

critical monitoring parameters in order to demonstrate expected results. Additionally,

changes are presented to integrate OPNET's TCP/IP model with the existing CDL network

model.

Specifically, the contributions made by this thesis are as folovis:

1) We have identified the critical parameters relevant to the CDL status munitoring.

2) We have successfully shown their impact by implementing a n-unitoring

mechanism in OPNET.

3) We have identified how the. monitoring mec-hanism can be fitted into the PPP and

CDL network interface framework.

4) We have integrated OPNET's TCP/IP stack into the network interface and LAN

station models.

5) This thesis has also completed the gradual development of a remote LAN

interconnection model in OPNET, setting the stage tor detailed experimentation.

B. RECOMMENDATIONS

The link monitoring mechanism and TCP/IP framework presents a nu. of possible

rcscarch avenues:

1) Evaluation of HDLC bit-. iffirg overhead over a multiplexed microwave link,

such as the CDL.

2) Experimentation with the link monitoring parameters to determine their optimal

settings for dealing with potential jammers.

3) Development of CDL-specific applications to attach to the OPNET computer

model for further evaluation.
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4) Evaluation of CP output buffer size and implementation in conjunction with

jamming and real-timie data.
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APPENDIX A

RING 0 LLCSRC MODULE CODE
"cpiddi-gen.pr.c"

I* Process model C form file: cp-fddi-gen.pr.c *I
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>
#include "cp-fddi__gen.pr.h"
FSMEXTDECS

/* Header block */
#define MACLAYEROUT STREAM 0
#define LLC_SINKOUTSTREAM 1/* 18APR94*/

/* define possible service classes for frames */
#define FDDI._SVCASYNC 0
#define FDDISVCSYNC 1

/* define token classes */
#defiie FDDI_TK_NONRESTR.ICTED 0
#define FDDITKRESTIJCIED I

/* Stat variable definitions */

typedef struct
I
FSMSYSSTATE
Distribution* svinterdistptr:
Distribution* sv len dist-ptr;
Distribution* svdest-dis-ptr;
Distribution* svpkipriority-ptr;
Objid svmacobjid;
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Objid sv-my-id;
int sv-low-dest -addr;
int sv-hig&.dest-addr;
int sv..statonaddr;
int sv-src-addr;
int sv_lowpktpriority;
int sv-ghpkt-priority,
double sv -arrival-rate;
double svmean~pkklen;
double sv--,async -mix:
Ici* sv-mac -iciptr
lci* sv-macjiciptrl;
lci* sv.Ucciptr;
Packet* sv...pkptrl;
) cpiciI-gen-sate;

#define pr-state--ptr ((cpjfddi.genstate*) SimI-Mod-Stateyrtr)
#define inter _dist~ptr pr-state-ptr->sv inter dist..ptr
#define lendist~pr pr state4.tr->svje...distptr
#define destdist-ptr prstate ptr->sv~dest -dist-ptr
#define pkt-priorityptr prstatept->svpktpriority ..ptr
#defive map objid prState~ptr->svnac -objid
#define my-id pr statceptr->svmyjid
#define low-dast-addr pr-Suue prr->sv low dcst-addr
#define high-dest-addr pr-state-ptr->svjiighdtstaddr
#defi ne station-addr pr-state-pr->sv -station-addr
#define src-addr prstatejpr->svsrc_addr
#define low-pkt-priority pr-state-ptr.>Sv-ow-pktpriority
#defi ne bigh-.pktpriority pr_.rate..pt->svjiighpkt.priority
#define arrival .rate pr stateptr->sv arrival_rare
#define mean-pk-len prstatejnr->svmreanjpklIen
#define- async-mx pr-state-pr->svasyncrnix
#define mac-iciptr prstatepn-->svjrnac -icipr
#define macjiciptr 1 prState;pr->svmaciciptr I
#define lc-ici-ptr prstakielnr->svjlcj~ptr
#define pkptrlI pr-state~ptr->svpkpri

I* Prccess model interrupt handling procedure *

void
cp~fcldigen0
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Pazckvi 1'pkptr, *ppppkptr;
i M - kien;
ijut dtist-addr;
!.flt i, restricted;
int I- kt-prio;
int ppp...pidja. ppppdj;
int status;

FSM-ENTTAR (cp-fddi-gen)

FSMELOCKSWITCH

/* ------------------.................-... *1.

I""" state ([NIT enter executives **/
FSMSTATE -ENTFER UNFORCED (0, state(Lenterexec, "INIT")
I
/* determine id of own processor to .ise in finding attrs ~
my-id = oplcdself 0;

/* determine address range for uniform desination assignment *
op-ima-Objatnr-get (my-id. "low dest address", &low-dest-addr):
op-ma-obj-attr-get (myjid, "bigh dest address", &high-.destjiddr);

/* determine object id of connected 'mac' layer process */
mac-objid = op-topo-assoc (my-id. OPQ'IOPQASSOC._OUT,
OPC-9BJMTYPEMODULE, MAC-LAYEROUT STREAM):.

1* determine the address assigned to it */
/* whicb is also the addcss of this station ~

opjmobj~ttr-get (mac objid., "station address", &station-add.j

/* set up a distribution for genexation of addresses */
dest-dist..prr = op-.distjload ('uniform-i.nt". low--dsi-.addr,
hig&.dest-.addr);

/* added 26DEC93 j
P dctorminc priority range -for uniform traffic generation ~
opima obj..attr-gct (my.jcl, "high pkr priority", &high-pktprirt
Opjma..obj-att...get (myid. "low pk-i priority". &low...pk-priority);
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/* set up a distribution for generation of priorities */
pkt-priority-ptr = op-distJoad ("uniformint", low-pkt-priority,

high.pkt-priority);

/* above added 26DEC93 */

/* also determine the arrival rate for packet generation */
opjimaobj-attr get (my-id, "arrival rate", &arrivalrate);

/* determine the mix of asynchronous and synchronous */
/* traffic. This is expressed qs the proportion of */
/* asynchronous traffic. i.e a vait;e of 1.0 indicates */
/* that all the produced traffic shall be asynchronous. */
opjima-obj-att..get (my-id, "asyncjix", &asyncjmix);

/* set up a distribution for arrival generations */
if (arrival-rate != 0.0)
I
/* arrivals are exponentially distributed, with given mean */
interdist-ptr = op-dist-load ("constant", 1.0 / arrival_rate, 0.0);

/* determine the distribution for packet size */
op-ima-obj-attr get (my. id, "mean pk length", &meanpklen);

/* set up corresponding distribution */

lendist-ptr = op.distjoad ("constant", mean.pkjen, 0.0);

/* desigrite the time of first arrival */
fddigen_6chedule 0;

/* set up an interface control information (ICI) strucnre */
/* to communicate parameters to the mac layer process */
/* (it is more efficient to set one up now and keep it */
/* as a state variable than to allocate one on each packet xfer) */
macjiciptr = op-ici-create ("fddi-mac-req");

/** blocking after enter executives of unforced state. */
FSMEXIT (1 ,cp fddi.gen)
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/** state (INIT) exit executives **/
FSMSTATE_EXITUNFORCED (0, state0_exitexec, "INIT")

}

/** state (INIT) transition processing */
FSMTRANSITFORCE (1, statelenter-exec,;)

-------------------------------------------

I** state (ARRIVAL) enter executives **/

FSMSTATEENTERUNFORCED (1. state Lenterexec, "ARR IVAL")

{
/* This station should receive frames from the other Ian as long as */
/* there are frames in the input streams addressed to this lan */
/*check if the interrupt type is stream interrupt *1/* 12APR94*/

if(opjintrpLtype0 = OPC_INTRPTSTRM)
{
/* if it is, get the packet in the input steam causing interrupt */

ppp-pkptr = op-pk-get(opintrpt-strmo);
op__pknfd._get (ppp-pkptr, "pid-h",&ppp-pid h);

switch (ppp-pid-h)

{
case CAOO: /* data frame */
oppk nfd.get (ppppkptr. "FDDIframe", &pkptrl);
op-pk destroy (ppp-pkptr);
/* get the destination address of the frame */
/* 16APR94 */
op-pk-nfdget(pkptr 1, "dest-addr", &dest-addr);
/* check if this frame destined for the local bridge sttion */

if(dest-addr = stationaddr)
/* if it is, send the packet to lic-sink directly */
/* in order to prevent overhead of mac access */

op-pk-send(pkptr 1. LLC-SINKOUT_,STREAM);/* 19APR94*/
else
/* this packet is to send to mac */
I
/* determine the source address of the frame */
op-pk nfdgt(pkptr 1, "srcaddr", &srcaddr);
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/* set up an ICI structure to communicate parameterz, */
/* MAC layer process */
macjciptrl = opjici-create("tddimac_ req");
/* place the original source address into the 1CA //* I..)APR94 */

/* "fddi-mac-req" is modified so that it contains the ,vigina8 */
/* sourze address from the remote lan */
op-ici_.attr set(macie!iptrl, "src _ddr", srcddr);
/* place the destination address into the ICI :"t/* 121 LPR94*/
op_ici_attr-set(macjiciptr 1, "desaddr", dest-addi);
/* assign the service class and requested token clas; */
/* At this moment the frames coming from the rear ore 1.. are assume, to have*/
/* the same priority as synchronous fiames in. oricr ma, to accum~ate */
/* packets on the bridge station mac and instezd t,, dej.vcr their destination, ;/
/* as soon as possible */
oppkjnfd-set(pkptr1, "pri", 8);
op_ici_attrset(maciciptr1, "svc .1ass", 3UDI_ S'CSYNC);
opjici_attr set(macjiciptr 1, "pri", 8);
op ici_attrset(macjiciprl, "tL- _lass", .VDDI...,'K__NONRESTRICTED);
/* send the packet coupled with the 1(2 */
opjicijinstall(maciciptr 1);
op.pk send(pkptrl, MAC-LAYER_ 0U._STREAM),

break;

case OxcO: /* ppp control packet - either LQR or monitoring pkt*/
/* Since the command link is deemed unjammable, this should */
/* only be for LQR's. Simply delete them for now until a*/
/* policy is determined on how to handle the LQR's.*/
op..pkjnfd-get (ppp-pkptr. "LQR_info", &status);

printf ("LQR received at cp ");

switch (status)

I
case 0. prinrf ("status GOOD trend DOWN"");
case 1: printf ("status GOOD trend UINn");
case 2: printf ("status BAD trend DOWNi");
case 3: printf ("status BAD trend UtPn");

}
op.pk._destroy (ppp-pkptr);
break;

default:
prinrf ("ERROR: packt rcvd at cp: neithei .iata nor coutL\n"r);
break;
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1/* end switch *I
} * end if (oplintrptjypeo=-OPCINTR~fSTRM) ~

/* otherwise, generate the frame : 12APR94 *
else

I
/* dei.errnine the length of the packet to be gencrated ~
pklen = op.Aistutcozne (lenjiist-.ptr);

/* determine the destination */
/* dont allow this station's address as a possible outcome ~
gen-.packet:
destaddr = opdist-outcome (dest-distLpr);
if (dest-addr != -1 && dest~addr ==station.addr)
goto gen-packet;

/* 26DEC94 & 29JAN94: determine its priority *
pkt.-prio = opjlit .outcome (pict-riority-.ptr);

Icreate a packet to send to mac *I
pkptr =op-pk. createimtt ("fddijlcjrT");

P assign its overall size. */
op~ - jotal_size_set (pkptr, pkien);

/* assign the titue of creation */
op-pkgifcset (pkptr, 'crjime", op_.s ixntiuie0)

/': Place, the destination address into the ICI *
/* (the protocol- -type field will default) */
op~iciatr set (mac~iciptr, "destaddr", destaddr);

P~ place the source address into the ICI *11* 1'7APR94*/
opjciarset (macjiciptr. "src-addr", stationk-addr);

/* assign the priority, and requested token class */
P* also assign the service clas. 29JAN94: the fddillc-fr
/'* format ~s modified to include a "pri" field. ~
if (op-dist-uniform (1.0) <~= asnc-,mix)

op-pk nfd-.set (pkpr. "pri", pkt-prio), /* 29JAN94*
op_-ciat-_set (macjiciptf, "svc Class". FDDi_SVC_ASYNG);
opjiciar..set (mac-icipri, "pfi". Pkk-.prio); /* 29JAN94 *
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else(
op-pkjifd-set (pkptr, "pri", 8); /* 29J AN94 ~
op icintarset (mac iciptr, "svc class", FDDI .SVCSN)

opic-armiset (mac-iciptr, "pri", 8); /* 29JAN94 *

/* Request only nonrestricted tokens after transmission *
opiciattrset (mac-iciptr, "tklass", F'DDITK_NONRESTRCTED);

/* Having determined priority, assign it; 26DEC93 *
/* op-iciattr-set (macjiciptr, 'pri", pkt-prio); *

/* send the packet coupled with the ICI *
op-ici install (mac -ciptr);
/* check if destination address is in the remote lan *
if(dest-addr > 9)
1* if it is, this packet is to send Uc-sink directly *
op..j.k. send (,pkptr, LLC_SINK_OUTSTREAM); /* 18APR94*/
else
/* if not, the packet is destined for local Ian, so send to mac ~
op-pksend (pkptr, MACLAYEROUTSTRFAM);

/* schedule the next arriva l
fddigenschedule 0);
}f* end else (if opc intr rype0==OPCINTRFT_ STRM) *

/*blocking afcer enter executives of unforced state. ""
FSM EXIT (3,cpjfddi-gen)

/* state (ARRIVAL) exit executives ""
FSMSTATEXTUNFORCED (1, statel-exit_exec, "ARRIVAL")

Sstate (ARRIVAL) transition processing '/

FSM-.TRANSIT-FORCE (1, stztelI_enter_exec,)
/* ---------------------------------------------
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I

FSMEXIaT (O,cp-fddi-.gen)

void
cpdi-gens var (jp ptvarn ame,varppr)

cpddigense*prs.par;
char *var~name, **varpptr;

MIN (cpltddiLg-.asvar k4.ptr))

*vrp-ptr = VOS-NJL;
if (Vos-String- hquaI ("interj..ist-pir' , var rime))

*varpjjtr = (char *) (&prs~pur->sy inter-dist-ptr);
if (Vos, StrAcE qual ("len-distptr" varjiame))

~p~i(char *) (z%- prpr->sv len_distptr);
if (Vos_ String_..Equ1 ("dest_-dist-ptr" , var..rarne))

*vgrpptr = (char *) (&pis-ptr->sv dest-dist-pt);
if (Vos-tring-Equal ("pkt-priority-ptr" ,var-name))

*varpptr = (char *) (&p.sptr->sv.pk-tpriority-pr);
if (VosSuringqual("niac.objid" ,var name))

*var-p-ptr = (char *)(&pv-->sv__acobjid);
if (VosStrngE~a mi" var namt.))

'-v~Jptr = (char *)(&prpt:-->svjny-id);
if (Vos.-String&Equal ("low dest-addr" , var name))

*var-p-ptr = (char *) (&prsptr->sv low-dms uddz),
if (Vo&5-,triug-Equal ("lugh-dest-addi" , var-in ))

*va-p-tr= (char *~) (czprs,..p- >svhighdest addr);
if (Vos--Sting-Equal ("statiou..addr" . varname))

*varJ-prr = (char *) (&pspt->sv~taioaaddr);
ii (Vos Sixing Equ.al ("src addr'. var_'name))

var-p-pr = (char *) (&prs-jnr->sv-s'-addr-);
if ('VosString-~Equal ("lowj.pki-priority" . varname))

*var-p-.ptr = (char *)(& tx vo pkriiy)
if (Vos-String-Equal ("high-.pipriority" , var namtL))

*var-ppr = (char *) (&prs-ptr->sv-high..pLtpriority);
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if (Ols-String..Equal ("arriva-rate" . varname))
*va p-ptr = (char *) (&prs-ptr->sv-,arrivalrate);

if (Vos.Strinf.Eqiial ("meanpkjen" . varjmnme))
*va-p-tr= (char *) (&prs-pr->svmean,.pk lea);

if (Vbs-String-Equal ("asyncjnix" , var -namne))
*va p4l = (char *) (&prs~ptr->sv-async -mix);

if (Vos- Sting-Equal ("macj-ciptr" , varname))
*var-pptr = (char *) (-&psptr-sv-maccipr);

if (Vos.String-Equal ("mac -ciptrI" , var--nane))
*vrp-ptr = (char *) (&prs-ptr->sv-mac-iciptrl);

if (Vos-.String-Equal ("llcjicijtr" , var -name))
*var..pptr = (char *) (&prs-ptr->sv-jkcici.ptr);

if (Vos-String Equal ("pkptrlI" . var-name))
*varp-ptr = (char *) (&prs-pr->sv.pkptrl);

FOUT,

void
en~fddi-gen-diag(

Packet *pkpt., *ppp-pkpt.;
int pkien;
int dest addr:
int i, restricted;
int pktjprio;
int ppp-pid 91, ppppidj,.
int status;

FIN (cpjfddigen diag U

FOUII.

void
qcpjddigenermirate0
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I
Packet *pkptr. *ppppkptr;
mnt piden;
irn dest_addr;
int i, restricted;
int pkt-prio;,
int ppp-pid ii, ppp-pidj;
int status;

FIN (cp.-ddi-enerminate 0

FOUT,

Compcode
cp-fddi-genjinit (pr..state-pptr)

p-fddi-genstte**pr-state-pptr;

static VosT_CmObqTypobtpe = OPCNIL;

FIN (cpjfddi~..genjinit (prstatepptr))

if (obtype= OPCLNIL)

if (VosCatmeinRegister ("proc state vars (cpjddi-gen)".
sizeof (cpfdigen-.state). Vos-Nop, &obtype) = VOSC_FAILURE)
FRET (OPCCOMPCODE ALRE)

if ((*pr -state...pptr = (cp-fddi.gen-stare*) Vos..faumemAbc (obtype, 1)) =OP--

NIL)
FRET (OPCCOMPCODEFAILURE)

else

(*pr-state-pptr)-.>currenz block =0;
FRET (OPCCOMPCODESUCCESS)
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/* static added 2DEC93. on advice from MIL3 ~
static
fddigen-scheduic (

I
doubleinter time;

/* obtain an interaruival period according to the ~
/* prescribed distribution */
interjie = opdistoutcome (inter...ist-ptr);

/* schedule the aniival of next generated packet ~
opJntrptschedule--self (opsimnjime 0) + interjime, 0);
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APPENDIX B

ERROR ALLOCATION PIPELINE STAGE CODE
"cdi-pt-error.ps.c"

1* cdu-terror.ps.c *1
/* Customized error allocation model for poi nt-to-point link transceiver pipe' ie */

1* L"t modilied: 29MAR94, 4APR94,22APR94,20AUG94 *

#include <opic' ii>

#include <ma .h>
/l2OA.UG94 monitor jamming uising global statistics set up in cpjfddi-sink*/
/*send stars c, it only on links with id < COM MANDLINK (user id of cmd link)*/

/*Ail links on tie downward path should be monitored '
externn tJ ammer-sats-lit;

exter-n Gshandle Jink-gshandlel4];

/* Define a convenient macro for rornputilig 4/

/* factorials using the gamma actioai*/

#define log-Lacteri al(n)lganuma (( double) n* .0

void cdlspLsror (pKptr)

1)acket* pkptr:

O~jid linkjtjid;
6 icJu'i. pe,paccum,p-exact:

double lo~~~j2lpa ange;

double ciuty-cycle, /0 3 1 MAR94 *

donhic. ja'i~J,.eugth, jaim ber.ir.Lbc-jamicn. hex _.bcyjae;/*29MAR94*I
dc-able tune -stamp; /* Ltini s'at np for Iii. paicket arriving time ~
dcuble offsetj t* 1AnR94 */
int inivert errort = QPICFAlSE, seg-size nurn err;
int jamlderjtype,/4 26A11 4 /

lint c h,,iel-index; *//* 4A'P 94
ilt n'ci;/ 0U9 iidrnrnmbe-r defined in network nxodel*l
hat COMMANDLINAK - 1,
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P Comipute th: iumber of errors assigned to the given packet **/
/*based on its length and the bit error probability.*/

FIN (edl-pterror (pkptr))

/*Make a time stamp to see whether the packet is injaruming period or not ~
time-Stamp = opsimjimeo; /*printf("time stamp = % 16. 12fnV', time-stamp);/

I* Obtain object id of point-to-point link carrying transmission. */
link-Objid =opt dget-int (pkptr, OWC_ThA_PT_-LINKOBID);
/* Obtain the channel index for the particular link */

/* Determine which channel the packet is or *//*3OMAJR*/
/* channel-index = optd-getjint (pkptrOPCTDA_.PTCH_INDEX);*ll*4APR94*/
1* Obtain the bit-error probabiLzy of the channel. */
/* opjimaobj_.;ttrgft (link-objid, "b.-r", &pe); *//*ignore this attribute 3 lM.AR94*I
/* Obtain the extended attributes for the point-to-point link */

/*' hese aitibutcs are appended in order to simulatejanuing features *
/* 2')N 1AR94 */
op-ima-obj-att~get (link-objid, "jamnjengLIC, &jaxnjength),
op-ima-obj at.rget (link--.objid, "Jam-tci",, jam-b ,i)-
op-ima obj. attr..ger (link objid,':itervaliictjam len", &int betjamlen);
op-ima-obj-attr-get (linkob jid, "berjbet-jani-len". &bcr-bt -an)
op-ima-Obj-awget (link-objid, "ic _jan._offset", &uffset);
op-ima-obj-attrget clink_objii, "Jainmerjtype", &jainmer-type)-
opima~obj fittrgc (link-objid, "user- id", &useu-id)i;
/* Obtain the lenIgth of the packet. "'I
seg-size = oppk-oal-si zcXct (pkptr),
1* lDetvrmintethe.janitni iy~ i-ne :~C26AIR91
1* Check if pulsed jainnicr is in use ~
if (jammer type = 0)

/* Randomize the jamming Juratiour s
/* These durations are tandomrized with uniform distribution *
/* in i ange [6, duration! . Usei skould be aware of these */
/* attribujtes specitied .in thc envu ouirnent fle. They aic max valus */
/* for tho'A particular dwrations */

joilength = op-dist- unitormnoani-length);
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}

/* Oth -rwise, channel swept janmer is in use. Jamming durations */

/* should not be randomized to keep consecutive pulses in order. */

/* Compute duty cycle for jamming */
duty-cycle =jamjlength + intjbetjamlen;

/* Check time stamp if it is in the initial jam offset period */

/* All BER's are uniformly distributed in range [0, ber[, so that */
/* realistic representation is provided; User should be aware of*/

/* these attributes specified in tne environment file. They are max values */

/* for those particular bers*/

if (time-starap < offset)

I
pe =op-dist uniform(ber bet_.j alen);/* the packet is still not in thejaxnning period */

if ((jammer_stats_init==-OPCTRUE)&& (userid < COMMAND LINK))

op-stat__global-write (link_gshandle[user id], pe);
I

else
I

/* Check packet is in jamming period */
if ( fmod(time stamp,duty-cycle) <= jam-length)

I
pe = op-dist-uniform(jam-ber); /* the packet is injamtning period, */

/* random "pe" to be computed as jam ber */
if ((jamer statsinit-=OPCTRUE)&& (userid < COMMAND._LINK))

op-stat__globalwrie (link-gshandle[userid], pe);
I

else

pe = op-dist-uniform(betbetjanlen); /* packet is in unjamned period */
/* random "pe" to be computed as ber-bet.jamlen */
if ((jammer statsinit---=OPCJTRUE)&& (Liser_id < COMMANDLINK))

op-statglobal-write (link_gshandle[userid], pe);
I

1,'!. iart computes numerrs for the packet */

/* Ci;, 1: if tit. bit error rate is zero, so is the number of c t c'
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if (pe == 0.0 II segsize= 0)
num errs = 0;

/* Case 2: if the bit e.-ror rate is 1.0, then all the bits are in error.*/

/* (note however, that bit error rates should not normally exceed 0.5).*1

el-c if (pe >= 1.0)
num errs = scg -size;

/* Case 3: The bit error rate is not zero or one, /
else

/* If the bit error rate is greater than 0.5 and less than 1.0, invert*/

/* the problem to find instead the number of bits that are not in error*/

/* in order to ac" erate the performance of the algorithm. Set a flag*/

/* to indicate that the x sult wll then have to be inverted.*/

if (pe > 0.5)

1
pe= 1.0-pe;

invertae fors = OPCTRUE;

/* The eror count can be obtained by mapping a uniform random number */

/* in [0, 1 [ via the inverse of the cumulative mass function (CMF) */
/* for thie bit error count distribution. */

/* Obtain a uniform random number in [0, 1 [ to represent */
/'I the value of the CDF at the outcome that will be produced. */

r = op-distuniform (1.0);

/* Integrate probability mass over possible outcomes until r is exceeded. */
/I- The loop il:eratively corresponds to "inverting" the CMF since it finds*j

/* the bit error count at which the CMF first meets or exceeds the value r.*/
for (p._ac.cum = 0.0, nun._errs - 0; numerrs <= seg-sizc; num_eArrs+)

/* Compute the probabitity of exactly 'aumerrs' bit errors occurring.*/

/* The probability that thz first 'num-errs' bits will be in error */
/* is given by pow (pe. numerrs). Here it is obtained in logarithmic*/
/* form to ,void underflow for small 'pe' or Lirge 'numerrs.jam'.*/

log..p I = (double) num er'rs * log (pe);
/* Similarly, obtain the. probability that the remaining bits will not */

/* be in error. The combination of these two events represents one */
/* possible configuration of bits yielding a total of 'num._eirs' errors./

-UVUu. j -- urL ) log (1i.0 - pe);
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/* Compute the number of arrangements that are possible with the same /

* number of bits in error as the particillar case above. Again obtain*/

* this number in logarithmic form (to avoid overflow in this case).*/

/* This result is expressed as the Jogarithmic form of the formula for*/

/* the number N of combinations of k items from n: N = n!/(n-k)!k!

log-arrange = logjfactorial (seg-size) -

log-factorial (numerrs) -
log-factorial (seg-size - num errs);

* Compure the probability that exactly 'num-errs' are present */

/P in the segment of bits, in any arrangement.*/

p-exact -exp (log-arrange + log.p 1 + log.p2);

/ Add this to the probability mass accumulated so far for previously */

/* tested outcomes to obtain the value of the CNF at outcome -numerrs.*/

p-accum += p-exact;

/*'numerrs jam' is the outcome for this trial if the CMF meets or exceeds */

/* the uniform random value selected earlier. I
if (p_accui >= r)

break;
}

/* If the bit error rate was inverted to compute co; rect bits instead, then*/

/P reinvert the result to obtain the number of bits in error. */

if (invert_errors =--= OPC TRUE)

numerrs = segsize - num errs;

/*prinf("num-of errors = %5d\n". num-errs);*/

/* Set number of bit errors in packet transmission data attribute. */

op-td_setint (pkptr, OPCTDAPT_N1JM_ERRORS, nun,_errs);

FOUT

}
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APPENDIX C

RING 0 LLCSINK MODULE CODE
"cpfddi-sink.pr.c"

/* Process model C form file: cp fddisink.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>
#include "cpjfddisinkpr.h"
FSMEXTDECS

/* Header block */
/* Globals */
/* array format installed 20JAN94; positions 0-7 represent the asynch priority levels, PRIORITIES
+ 1 */
/* represents synch traffic, and grand totals are as given in the original, */

#define PRIORITIES 8/* 20JAN94 */
#define XMrIrER_ONE0 /* 1OMAY94*/
#deftne X3frfTER_TWO 1
#define XMITTER_TIIREE2
#define XMITTERFOUR3

static /* 05FEB94. */
double fddisinkaccumdelay = 0.0;
static /* 05FEB94 */
double fddi sinkaccurmdelay_a[PRIORIflES + 1] = 10.0. 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0, 0.0);
static /* 05FEB94 "1
int fddisink total-pkts = 0;
static /* 05FEB94 */
int fddi sinktotalpktsa[PRIORITIES + 1] = 10, 0, 0, 0, 0, 0, 0, 0, 0 ;
static /* 05FEB94 */
double fddisinktotal-bits = 0.0;
static /* 05FEB94 */
double fddi sink ttal hit-, [PRTOPRTiE A-1] 0,0 ,0 .A A.. 0 .A, A0 n
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0.0);
static /* 05FEB94, '/
double fddisink-peakjdelay = 0.0;
static /* 05FEB94 */
double fddisinkpeak-delaya[PRIORITIES + 2] = f0.0, 0.0, 0.0. 0.0, 0.0, 0.0, 0.0, 0.0,

0.01;
static /* 05FEB94 */
int fddisinkscalarwrite = 0;
static /* 05FEB94 */
int pri-set = 20; /* 20JAN94 *1
static
int subqjindex = 0; /* 5APR94 */
static
double buffer[41=1 0.0,0.0,0.0,0.01; /* 10MAY94*/

/* siatistics used for CDL throughput */
static /* 20APR94 */
int fddilp l .total-pkts = 0;
static
int fddilpl-totalpkts-a[PRIORITIES + 1] = 10, 0, 0, 0, 0, 0. 0, 0, 01;
static
double fddilpl_totaLbits = 0.0;
static
double fddilpl_totalbitL, a[PRIORITIES + 1] = 10.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.01;

/* Externally defined globals. */
extern doublefddopr [;

/* 12JAN94:attributes from the Environment file */

double Offered-Load; /* 12JAN94 */
double AsynchOfferedjLoad; /* 12JAN94 */

/* transition expressions */
#define ENDOFSIM op_intrp._type0 = OPCINTRPTENDSIM

/* get picture of jamming. this v -iable allows anyone who*/
/* is writing to the global statistic to ensure it has. */
/* been initialized. 20AUG94*/
int jammer stats init=OPC-FASE,
Gshandle link-gshandle[4l;

/" State variable definitions */
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typedef struct

FSMSYSSTATE
(ishandle sv-thrussliandle;
(ishandle sv-m-delay..gshandle;
Gsbandle sv-ete-delay-gsrandle;
Oshandle sv-thm...gshand .-at[1J];
(ishandle sv-m-'deiay~gshandle-a f 101;
Gshandle sv-etesldelay-gshandle-a[9];
(ishandle sv-tshandle;
Oshandle sv-t-gshandle a[ 10];
Objid svtmy-id;
int sv_PPP-seq number;
double svJme;
) cpjfddi-sink-state;

#define prsrateptr ((cpjddi-sinik -state*) SimL-Mod..tate Ptr)
#de~fine thruslandle prstatepu->sv-:rugsandle
#define in-delaygshandle pc state,.pr>sv-m delaysshandle
#define etc-delay-gshandle prjrsatejnpr->sv-etc -delay-gshandle
#define trnt.gshandle -a prjwtte-a->svtrugshandle _a
#define in. delay-gshandle a pr-state ptr->sv in.Aelaygshandle-a
#define etc-delay- gshandle-a pr-sate -pt->sv -ete deay-shandle-a
#define rsshandko pr-stateptr->svtsshandle
#define t-gshandle-a pr statepr->svr gshanidle-a
#dcfine my-id pz stare...ptr->svmy-id
#define PPP-seqiuinber pr-tate-ptr->sv-PPP -seq number
W1define time pr -staresptr->sv rime

/* Process model interi'pt handling procedure *

void
cpjddi-sink

I
coujble delay, areairirne;
Packet* pkpn7;
Packet* pkptrl ; /*5APR9,4*/
P~tcket* ppp-p kpu.;/* I 5JUN94*f
mnt srcaddr, iny-addr;
imt dest-ad;dr;/ t 14APR94*/
Ici* from-mat icisrtr;
dniikbla ddsnkm
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in? xrnitsubo-imdex;/t.APR944 /
i load-balrxoe-code; /*6APR94*I/
it ,subq-no; /*4 S&PR94*/
int index; PI 10MAY94 %i
doutie link_mar'_ -trans -rate; /4 15.RLIN94/
char sulX[5l2t, stri (5121; /4 for diagntostics*f
jut mor-pk size; /*263JL*/
double simjluradion; /*26JUIL,*

FSMENLfER (cpjddi-sink)

PGM_13U(X'K9-W1TCH
I

1~---------------------~---------1
1*sumr (flISCARD) enter exeruflvesr *"/

FSM.STI'A3,.ENTERUNFO3RCED (0, s-tateO -enterscxec, "DISCARD")

/ i deten aine type of inrerript: 10M,-AY94 4

switch (op-J.naxpt-typeo)
I

case GPO JNTRI' S7 AT:
/* tile intermpr is caused by die transaunters' status 4

index = op- iuapt-stO;
switchO 'dax)

cast XNIT3ThONE:

I

bufferflJ - or'stai neal-read(XMrlTIER TO);
break;
I

case XMITR_THREE

buffer [2] = op...sa oca_,ead(XMIUrrERJH{RE);
break,

I

buffer[3] op..statilocaluread(XMI'rIPUR);
break;

I

82



default:
{
op_simnend("*** FDDI-CDL : FATAL ERROR","Unexpected stat

interrupt",",");
I

I
break;
}

case OPC INTRPT_STRM:
,,* the interrupt is caused by the incoming packets */

{
/* get the packet and the interface control info */
pkptr = oppkget (opjintrpt-strm 0);
from macji_ptr = opjintrptici 0;

/* 20JAN94: get the packet's priority level, which */
/* will be used to index arrays of thruput and delay */
/* computations. */
/* pri-set = oppkpriority-get (pkptr); doesn't work here */
oppknfd..get (pkptr, "pri", &pri-set); /* 29JAN94 */

/* determine the time of creation of the packet */
oppk.nfdget (pkptr, "cr time". &creat-time);

/* 18APR94:determine the destination address of the packet */
op..pkjnfd.get (pkptr, "dest-addr", &dest-addr);

/* 20APR94:determine the source address of the packet */
oppknfd_get (pkptr, "src addr", &src-addr);

/* 7APR94: determine which load baiancing algorithm is in use */
op ima objattr.get ( my-id, "toad balancing algorithrm", &load_balancecode);

/* 14APR94: also get my own address */
opimaobj_ar-__get ( my-id, "station-address", &my-addr);

/* destroy the packet */
/* op-pk-destroy (pkptr); */
/* 03FEB94: rather, enqueue the packet. This will be the */
/* first swp toward developing a LAN bridging structure. */
/* -Nix */
/* op-subqpkjinsert (pri-se(, pkptr, OPCQPOS-TAIL). */

/* 14APR94: check the frame passed to "llc" is destined for */
/* this station. If it is destroy the packet and update the local traffic */
/* statistics; if not, allocate the packets */
1* to the trarnm;tt'wc Vin'. t6_. -.. -- A" Ir cit U- ~

~ ,U ,4, U LU jul LU.; VL a
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/* update also inconting return link statistics for the frames */
/* which will be queued in lcsink to be sent to remote Ian,*/
1* -Karayakaylar */

if(dest-addr == my-addr)&&(srcaddr < myaddit))
I
/* add in its size *
fddi-sink_total-bits +- oppkjt-otaLsi&.get (pkptr);
fddi~sink~total bits a[pri set] += opjkjotaLsize.gt (pkpir); /* 2JAN-20APR94 ''

P* accumulate delays *
delay = op-simne 0 m creat-time;
fddi -sink -accumdelay += delay;
fddi-sink-accumdelay-a[pri-set] += delay; /* 2OJAN-20APR94 *

/I' keep track of peak delay value */
if (delay > fddisink-peak~delay)

fddi-sink-peak-delay = delay;

/* 20JAN94: keep track by priority levels as well 23JAN-20APR94 N/
if (delay > fdd-sirkpeak - elay-a[pri-set])
fddi-sink.peal delay..a[pri-set] = delay;

/* increment packet counter; 20JAN94 *

fddi_sink-totalpktsi-I;
fddi-sinktotal.pkts...alpriset]++;

/* if a multiple of 25 packets is reached, update stats ~
/* 03FFEB94: [0.1->[7] represent asynch priorities I-A. *
I* respectively; 181 represents synchronous traffic, */
/* and [I91 represents overall asynchronous traffic.-Nix *
/*if (fddi..sinkjtotalpkts % 25 == 0)

op-sat.global -write (thrtugshandie,
fddi-sink_total_bits / op..sim..time C)

op-statglobal-write (thmu-gshandle-alpfitse].
fddi-sink-total-bits-af0] / op-simjimeQ);

op-stat-gobal-write (tragshande,alOI.
fddi-sini<-total_bits-al I1I / op-simji me,();

op-statVgobal write (tru gsharidle-af. 11.
ftddi_sink_rota]_bits~a[prisetl / op-smn-imeo);

op-stat-global-write (thrugshandle-a[2],
fddi-sink-total-bits-a[2j / op-sim-timeo);
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fcdi-sink-total-bits aJ3] / op-sim-imeo);
op-smat.global, -write (thar...gshandle -a[4),

fddi-sink-total-ts-a[.4] / opsimitime0).
op-statglobalwrite (thrugsbandlea[5],

fddi-sink-total-bits-a[5] / opsim.tiimeQ);
op-sttglobpl-write (dim gsanda[6],

fddi--sink-total-bits-a16) / op-sim-timeo);
op.-sta-gobal write (tlrwugsiandlea[7],

fddi-sink-total-bitsa[7J / opsimtineQ);
op.statglobalwrite (tI ugshandl...a [8],

fddi .sink--totAl-bits._a[8) / opsim-imeQ);

/* 30JAN94: gather all asynch stats into onc overall figure *
/*op.statglobal -wite (thru-gshandle..a[9],

(fddi-sink-totalbits - fddisink-tntal-bits _a[8])/
op...simjtimeO);

/* (fddi sink_totalbits a[O] +.fddi_.sink-total-biis__a[j +~
/* fddi-Sink-tota]_bits-a[21 + fddi-sink-total-bits-a[3] + ~
1* fddi-sink-total -bits-a[41 + fddi_sink-toWa_bits-.a[5] + *
/* fddi sink-total-bits a[6] + fddi_sink_total-bits -a[7]) /~
/* opsimSimeO); *

op-stat.global..write (mwdelay-gshandle,
fddi_sink_accum-delay / fddi-sink-totaL-pkts);

op...sta-globalwrite (m-delay-gshandlea0],
fddi-sin~k-accum-delay-a[0I / fddi-sink-totalpkts.a[O1);

op-stat-globa..write (m-delay..--sa-le 11],
fddi-sink-accum-delay..a[lI] / fddi_sink_totalpkts..a[l]);

op-siat.-global-write (m-delay..gshandle-a[2],
fddi-sink_accum_delaya[2] / fddi-sink-totaL-pkts.a[21);

op st..gobalwrite (n_elay.gshandle..a[3],
I'Mi sink awcumdelay..a[3] I fddi sink totalpta3)
opstatglobal.write (mndelay-.gshandle-a[4].

fcldi..sink-accuin-delay-a[4] / fddi-sink-otl..pktsa[4]);
op-statrglobal-write (m-deiay...gsbaixle-al5),

fddi-sink-accuwn-delay..af5] / fddi..sinkjtotaljpk-tsa[5);
op-stat-global-write (m-delaygshandle.af6].

fddi sink-accu~m delaya6] / fddi-sink-tor ipkts-a[6b:,
op-stat-global-write (n-delay. gshandle-af 7],

fddi-sink-accum-dehiyaf7] / fddi-sink-totalpkts-a[7]);
op-stat-globa;write (mndelay-gshandlea8J,

fddi-sink-ancuinjelaya[8] / fddi-sink- tOtal,_kts-a[81);



/* 30JAN94: gather all asynch stats into one figure *
/*op-stat-global -write (m-delay-gshandlea[9].

(fddi-sink-accum-delay - fddi_sink-acumdelay-a[8])/
(fddi -sinkjtotal.pkts - fddi_sink...otaLpkts_atS]));

1* (fddi_sink_accum..delaya[O] + fddisink-accumjielaya[l] +*
1* fddi-sink-accumjldelayat2] + fddisink -accurnj-elaya[3] + *
/* fddi sink -accum delay a[41 + fddi sink accum delay a[51 + *
/* fddi_.sin accum~delaya[6) + fddisinkaccuzn..delay__a[71) /*
1* (fddi_sink_totaLpktsa01 + fddi_sink sotaJ_.pktsa[ I] + *
P~ fddi-sink -total...pkts-al2] + fddi_sinktot.Lpktsa[3] + *
/* fddi_sink_tot Ipktsa[4] + fddi-sinkjtotal-pkrs-a[5] + *
P* fddi_sink_tota...pkt&..a[6] + fddi_sinkota..pkts..a[7])); *

/* also record actual delay values */
/*oioystat.globalwrit (ete -delaygshandle, delay);
opstat..globalwrite (ete.-elay-.gshandle...alprisetl, delay),

)/"' end of if(desLaddr -= myaddr)&,&(src-addr < myaddr) statement ~

1* 20APR94:destroy the packets coming from the remote Ian destined for this"'!
P4 station. These packets are not counted for local traffic.*'/
/*else */if(destaddr = my~addr)

op-pkiestroy(pkpr);

P* 20APR94: check the frame passed to "Uc" is destined for remote lan ~
/* This will allow only the packers to be counted for CDL traffic."'!
P~ -Karayakaylar ~
else

I

I* add in its size *
fddilplIj-otal-bits += oppk total-size-ger (pkptr);
fddilpl-totalbis-apri-se] += op-pk-total-sizeget (pkptr). /* 20APR94 *

/* increment packet counter; 20APR94 "
fddilpl-total-pkts-4-
fddilpl .toWrpktsa[priset]+4,

/* if a multiple of 25 packets is reached, update stars ~
P* [0] ->[7] represent asynch priorities 1 ->8, */
/* respectively; [8] represents synchronous traffic, ~

/* oro 0 r#pnr.'csntc nut-rollacvnr'brnnnmi. trpffiri- *1
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/*if (fdclilp 1-total-pkts % 25 ==0)

op-stat--giobal-write (t-gshandle,
fddil total-bits / op..simjtime0)

op-stat-global-write (t-gshanclle -a[pri-set],
fddilp I-total-bits_a[O] / op-simj-imeo);

op-stat-global-wite (t-gshandle -a[0],
fddilpl.Ltotal-bits-all] / op-sim-jime0);

op-stat-global-write (t..gshandle-a[l1].
fddilp 1_total-bits--a[nri-set] / op-simr.simeQ);

op-stat-global-write (t~gshandlea 12],
fddilp 1_-total-bits_a[2] / op-simjimeo);

op-stat..global-write (t-gshandlea[3],
fddiiplI-total-bits_a[31 / op-simjimeo);

op-statglobal-write (t-gshandle-a[1,
fddilpl-total-bits _a[4] / op..simjirne0);

op-stat..global -write (t..gshandle-a[5],
fddilpl ILtotal_bits_a[5] / op- simjime0);

op-.stat-V.gobal-write (t-gshandle-a[6],
fddilp 1_total-bits_ a[6] / op-siniie0);

op-stat-global -write (t..gshandlea 17],
fddilplI-total-bits -af 7] op-sim-tmeo);

opit..global-w ite (tgshandie-a[8j,
fddilpl-total-bits-a[8] /opsimj-imeo);

1* gather all asynch stats into one overall figure *
/*op-sttglobalwrt (t-gshandle- a[9],

(fddilplI total_bits - fddilp 1total bits_a[8I)/
op...sim..tirneo);

1* (fddilplLtotal bits-afOl + fddilpl-total-bits a[II + *

/* fddilpl1-total-bits-a[4] + fddilp 1_totalbits~a[5) + *
/* fddilpl 1total-bits-af6] +i fddilplj-otal-bitsa7]) /*
I"' op.-simjimeo); *

/* 15JUN94 : before allocating, encapsulate the FDDI frame into a PPP packet *
ppp-pkptr = op-pk-createjfmt ('pppjnl");
op-pkjifd.set (ppp-pkptr, "sec-number". PPP seq-number+s);
op-pkjifc~set (ppp-pqnr, "FDDI-frame", pkptro,

/* 14APR94 :alloc-ate the packers to llc sink su hrire--
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/* 6APR94 -Karayakaylar'V
/* check if load balancing algorithm is circular *
/* zero(O) is the circular load balancing code *
if (load balance_code ==0)

f
/* 5APR94 *

/* Apply load balancing to insert the packets in the 4

/* subqueues, in a circular order *
subc-no = subqj-ndex % 4;
opsubq~pknset(subq.no, ppp..pkptr. OPC QPOS_.TAEL); /* 15JN altered to

send ppp*/
sulindex9-t;

/* 25APR94 *
/* check if load baiancing algorithm is empty allocation *
1* one(l) is the empty allocation load balancing code ~
if (load-balancecode == 1)

I
/* Apply load balancing to iflseit the packets in the *
/* subqueues by choosing the subqieue which has the maximuim current ~
/* numbe of free packet slots I/
subq no= op suh ndex ap(OPC sLMXFREEPJOKS7I;
op-subcknsert(subq-no, ppp-.pkptr OPCQPOSjrAL); /*l5JUN altered to

send ppp*/

1/*if(dest _addr > my-add&) statement ~
break;

)/* end of case OPCINTRPTSTRM statement ~

case OPCINTRPT SELF: /*271L1L94*/
/* if it is a self-interrupt, it is time to send a monitoring packet. Send one. ~

ppp..pkptr = op...pkscreate -mt("ppp");
op~pk_nfd-set (ppp-pkpt."pid-.W.OxcO);
op...pk-nfd_set (ppp..pkptr.'pid r-.0x2 I).
op-ia obj-attr-get (rny-d.-mioring pki size". &uion-pkt-size);
opjpk-bulk-size-set (ppp-pkptr. mon..pit size);

if (load-balance-code == 1)

skibq-no = op-subq -index map(OPCQSELMAXFREE_-PKSIZE);I
op-suba-pk-insert (subqno~ppp-pkpr.OWCQpos-TAIL);

else if (load-balance-code ==0)



subq-no = subq-index % 4;
op..subq..pkjinseii (subq-no.pppjkpr.OPQ.QPOS-JAIL);
subq-index.-.;

break;

/ cad of switch1

1* cheock if each subqueuc is not cuipty and transmiticr is not busy/
1* irfegardless if an~ interrupt is reccived or aom I ALUW94/

for (xuitsu bqindex - 0;xmit-subqjindex <-3. ++xmit-subqidex)

if ((!op~subqcmnpy(xaitsubq-iKdex))&&( tuftcrlxitsubqjidcxJ 0.0))

/*acms thac fist packet iv the subquec 0/
pk~tr I - a sbq-pk.rzno'.c (xznt-sbq- index. OPCOO_-IAD).

P* forward it to the destrAton ximer 0/
/0 MAsated with tWe subqueue index '
oppk..scad (p"1r . xmit-ubqanlcx)
Pi' (op-,sim-debuS(==OPC TRUE)

wOiflf tomcke! S toff Cp~ V-L fifw1 b A. .Lq

I"blocking after enter exocutives of unforced state. ~
FSM-EXTT (I .c.fddisinA)

I** state (DISCARD) exit executives so/
FnMSTATh..EXILUNrORCED (0. sua~ec-Wt-cxm. "DISCARD")

/I state MISCARD) transil0D proccsuSt *I
FSM-JNIT-CUND (EN&_OF..SIM)
FSN- ._JWLTCOND
PSM.JEST-LOGiC (-DISCAWRD

Fsm-3RANsnTswrTcm

1~hlCASE_-RANSIT (0. 1. stat I _cnlatcxec.)

89



FSNLCASEJRANSIT (1. 0. sacO~f~nterexec,;)

l** state (STATS) enter executives *I-/
FSMSTATEENTERUNFORCED (1, state I-enterexec. "STATS)

I
/0 At end of simulation, scalar performance statistics 01
I* and input parameters are written out. 1

op-star_scalarjvnTte ("RL Throu~ghput (bps). Priority I.
fddilplI..noWalbats-a[OJ / op..sim..timc 0). /*2OAPR94*/

op..startscalar-write (-RL Throughput (bps). Priority 2".
fddilp I totalbitsalII/ op_sim_tim ());

op-stat-scalar-write u'RL Throughput (bps). Priority 3".
fddilp 1 _total-bits.a[21 / op~sim~time 0);

op-stat-scalar-write ("RL Throughput (bps), Prio~iry 4".
fddilp I -oWaLbitk -&[1 / op_5Lmtime ()).

op-star scalar-write ("RL Throughput (bps), Priority 5".
fdciilp I -total-bitsa141 / op-sim-time ()).

op-star-scalar-writc ("RE Thro-ighput (bps). Priority 6".
fddilp 1 -tt&Lbitsa([5J / op-sim-time ()).

op-.stat--scalar-write ( RL Throughput (bps), Priority 7",
fddilpIjotaJbitsj([6J / op_simjtme 0);

on stat scalar write ("RL Throuehrnut (bps), Priority B".
fddilpl t otaL bits af 71 / op-simjtime0)

op.st-scalar-write ("IlL Throughput (bps), Asynchronous",
(fddilplj-otal..bits - fddilpl total-bits-a(81) / op-sim..time0)

1* (fddilpl-total-bits alO] + fddilpltotal..bitsal + *
/0 fddilplIjoota biis-.af 2] + fddilplj-otalbits-a[3] + *
/, fddilp Ijotal- its-a[1 + fddilpl-total-bits-a1] + *
P, fddilp I _otalbits a[6] + fddilp ljotalbiL--a[7]))/*
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cp-stat-scalar-wrt2, ("RL'IThroughput (bpe), Synchronous",
fdcilplI -otaLbits-a!81 / op-simjime ());

op-stat-scalar-write ("IlL Thro'ghput (bps), Total".
fddilplIj-otalbits / op-sL'n-time ()); /*20APR94*/

/* Only one station needs to do this *

if(!fddi-sink-scalar-write)

/* set the scalar write flag ~
fcidi_sink_scalar_write =1;

op-stat-scalar..write ("Mean End-to-End Delay-O (sec.). Priority I",
fddi-sink-accum-delay-aOI / fddi-sink-totaL-pkts-a[O]);

op-.stat-scalar..wrte ("Mean End-to-End Delay-O (soc.). Priority 2",
fddi-sink-accurn-delay-a[l 1)I fddi-inkttcaI...pkts..a[I1j).

op-sta..scalar-write ("Mean End-to-End Delay-O (sec.). Priority 3".
fddi-sink-acumn-delaya[21 / fddi_sinic-tot.lpktsa[21);

op..stat-scalar-write ("Mean End-to-End Delay-f) (sec.). Priority 4".
fddi-sink-accum-delay-a[3J / fddi_sink-toul.pkts-a[31);

op-stat scalar-write ("Mean End-to-End Delay-f) (sec.). Priority 5".
fddi-sink-&acumAelay.a[41 / frddi_sink_toal..pksj4]),

up..stat-sca&_-wie ("Mean End-to-End Delay-f) (sec.). Priority 6".
fdi_sink-saccum- day-.af5] / fddi-siak-tcwal-pkts-.a[5]);

op-stat.sca1ar..yzite ("Mean End-to-End Delay-f) (sec.). Priority 7",
fddi-Sink~accuin-delaya[6J / fddi_siak-tota...pkts.af6]);

op.,.staxscalar-write ("Mean End-to-End Delay-f) (sec.). Priority 8",
fddi_sink-accum__.delay..a[7] / fddi-sink-toWa..pkts-a[7]);

op...stat-scalar-write ("Mean End-to-End Delay-f) (sec.). Asynchronous".
(fddisirik -accumrdelay - fddi-siuk-.accnm-deiay.a[1)/
(fddi.sink.toal..pkts - fddi..sink..total..pkts..a[1));

/* (fddi-sink-accum-delay-a[O] + fddi_sink-accuin-delay-a[ I] + *
/* fddi-sik-accum-delay.a[2J + fddi-sink-accu.delay.a13] + *
/* fddi-sink-accum-delaya[41 + fddi_sink-accni_delay..a[5] + ~
/* fddi..sink-accum-delay..a[1 + fddi-sink-accurnidelayA[7]) /*
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1* (fddi-siink_tota.Lpktsa[O] + fddisink -totalpcts-jK II + *
/* fddi--sink-total pkts-a112] + fddi sinkjtotalpktsa3] + *
1* fddi_.Aink-totalpkts..a[4] + fddisinkota...pkts-&[5I + *
/* fdci-sink-total-pkts.-a[1 + fddisink.totai..pkts-a[7])); *

op-stat-scalar-write ("Mean End-to-End Delay-O (sec.). Synchronous",
fddi_sinkaccurn, _delay..a[8] / fddisink-totalipkts-a[8]);

op...stat -scalar-write ("Mean End-to-End Delay-C (sec.), ibtal",
fddi-sink-accum-delay / fddi-sink-total-pkts);

op..sat-scd~arwrite ("Tbroughput-O (bps), Priority 1",
fdcii sink _total_bits~a[OI / op..sinijtime ());

op-stat-scalar-write ("Throughput-O (bps). Priority 2",
fcdiN*,nk-total-bits a[lI] / jpsim time ()).

op...statscalar-write ("Throughput-O (bps), Priority 3",
fddi-sink-total-bitsa[2] / op .im time ());

op...stat-scaiar-write ("Throughput-0 (bps). Priority 4",
fddi-sink-total-bits-a[3l / op-sim time ());

op-statscalarwit ("ThroughpUr-OC (bps). Priority 5".
fddi-s-.nkjtotaLhits~a[4] / op...simftime 0));

op-stat-scalar-write ("Throughput-0 (bps). Priority 6",
fddi-sink-total-bits_a[5] / op sim-ri'e ());

op-stat-scalar-write ("Throughput-C (bps). Priority T",
fddi-sink-total-bits-sl6j / op-siratime W);

op-.w.t salar-write ("Throughput-O (bps), Priority 8",
fddi-sink-total-bits-a[1 / op-simutme ());

op-.stat-scalar-write ("Throughput-C (bps). Asynchronous",
(fddisink-toWalbits -fddi-sink.joalbits.a8]) / op..sim....mc 0);

/* (fddi_sink_total bitsal[Ol + fddi sink._total bits_&l I] +/
1* fddi-sink_ total bits a121 + fddisi akjotal..bitsa[3] + *
/* fddi-sink-total-bits..a[4] + fddi_sink_total_bits a[5] + *
/* fddi-sink-total-bits-a[61 +~ fdd- -sink-total_ bits-a[71) /*
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op.. stat-scalar-write ("ThroL'ghput-O (bps). Synchronous".
fdcii-sink-total-bits-a[8] / op--sim-time ());

op-stat-scalar-write ("Th~roughput-O (bps), Total",
fddi-sink-totaljbits / op simjire ());

op stat-scalar-write ("Peak End-to-End Delay-C (sec.), Priority 1",
fddi..sink-peak.dslayaO]);

op-stat-scalar-write ("Pe ak End-to-End Delay-O (sec.), Prim ity 2",
fddi-sink..pakdtla:y-al11)

op...stat-.scalar...wrie ("Peak End-to-End Delay- 0 (sec.), Priority 3'
fddisink-.peakdelay-a[21);

op-stat-scalar -write ("Peak End-to-End Delay-O (sec.). Priority 4",
fddi-sii2k..peak-delay-.a[3D);

op...sta-scalar..wlite ("Peak End-to-End Delay-O (sec.). Priority 5".
fddi-sinkpeak..ddaya[4]);

op-stt-scalar-write ("Peak End-to-End Delay-O (sec.). Priority 6".
fddi-sinkj-eakdelay-a51);

op-statscalar-write ("Peak End-w, End Delay-O (sec.), Priority 7".
fddisiak-.peak-delaya[61);

op-stat-scalarfWrite ("Peak End-to-End Delay-O (sec.), Priority 8",
fddi-sik.peak..delaya[7j);

op-stat-salai-write ("Peak End-to-End Delay-O (smc.), Synchronous",
fddi-sink..jeak-.delay-a[8]);

op..stat-scalar-write ("Peak End-to-End DelayA ,.) Overall".
fddi-siak-.peak-delay);

1* Write the MJTT value for ring 0. This pres.
/* the old behavior for single-ring simulations. -i
ap-stat-scalar-write ("TJ'RT (sec.) - Ring 0",

ftidito(pr [0)).

/* 12JAN94: obtain offered load information from the Environrent ~
/* file; this will be used to provide abscissa information that */
1* can be plotted in fth Analysis Editor (see "fddi sink" STATS *
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/* state. To the user: it's your job to keep these current in ~
I"' the Einvironment File. -Nix */
opima sim_attr..get (OPC_IMADOUBLE.' total-offered-loadO", &OfferedLoad);
op-mia sim-atti-get (OPCIMADOUBLE. "asynch...offredjload-Di", &Asynch.Of-

fere&-Load);

P* 12JAN94: write the total offered load for this run ~
op-stat-Scalar-wute ("Total Offered Load-O (Mbps)",
Offered-Load);

opstat~scalar-write. ("Asynchronous Offered Load-O (Mbps)",
Asynch.Offered Load);

/*blocking after enter executives of unforced state. ~*
FSMEXIT (3.cpjfddisink)

/** state (STATS) exit executives
FSMSTATE_EFiT UNFORCED (1, statel-exit-exec. "STATS")

f~state (ST&TS) transition processing ~
FSMTRANSITMINfSSING ("STATS")

/** state (DIT) enter executive^% **
FSMSTAThENTERORCED (2. stat2_enter _exec, "NW ')

/* gel the gshandles of the global staistic to be obtained *

P* 20JAN94: set array fao-mat *

thnugshandle..afj = op-statjlobal-rog ("pni I throughput-O (bps)");
thnugshandle_&[aII = op-.statSlobal-reg ("pri 2 throughput-O (bps)"');
thru-gsbanlle-a12] = op-statjIobal-reg ("pri 3 throughput-O (bps)");
thru-gshandea131 = op..stat-Sjlobal-reg ("pri 4 throughput-O (bps)");
txu-gshandle-a!4] o qstatglobalreg, ("pfi 5 throughput-0 (bps)");
thru,.gshandle-a15J op-stat..global-reg ("pri 6 throughput-O (bps)");
thnrugsiadle.a[6] = op-stAtj.lobalreg ("pri 7 tbroughput-O (bps)");
thru....shandle -a'7] = op-.stat..gkibal-rcg ("pri 8 throughput-O (bps)");
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thru...gshandlea[8] = op ..statglWobal-reg ("synch throughput-O (bps)");
thrugshandle-a[9] = op-stat-global-reg ("async throughput-O (bps)");
thrugshandle = op-stat_.global-reg ("total throughput-O (bps)");

rn~delay__Sshandlea[O] opstat-global-reg ("pri I mean delay-O (sec.)");
m-delay-gshiandle-al = op...sta-global-reg ("pri 2 mean delay-O (sec.)");
m-delaygshandle-a[2] = op-statglobaLreg ("pri 3 mean delay-O (sec.)");
m-delay-gshandle-a[3] = op-statzglobaL-ieg ("pri 4 mean delay-O (sec.)");
m-delay.gshandle.a[4] = op...stat...global-reg ("pri 5 mean delay-O (sec.)");
m-delay-gshandle-a[51 = op...statglobal-reg ("pri 6 mean delay-O (sec.)");
w.ndelay,,gsbandle-a[6] = op-stat-globalreg ("pri 7 mean delay-O (sec.)");
ni-delay...gshandle-a[7] op-stat..global-reg ("pri 8 mean delay-O (sec.)");
m-delay.gshandle-a[8] op-stat-giobal-reg ("synch mean delay-O (sec.)");
m-delay-..gsbandle-a[9] op-stat...gobalreg ("async mean delay-O (see.)");
mjlelay..gshandle = op...statglobaLreg ("total mean delay-O (sec.)");

ete delay..gshandle-a[0j = op-.staglobal reg ("pri 1 end-to-end delay-O (sec.)");
ete..delay..gshandle..af 1] = op-statgiobal.reg ("pri 2 end-to-end delay-O (sec.)");
ete..elay-pghandle-al2l = op...stat...global reg ("r n-to-ed dea-0 (sec.)");

ete~elay...gshandlea[_ =o.st..gbaeg ("pri 4 end-t-ed delay-(ec";
ete--elay...gshandle-a[4] =opstat..global-reg ("pri 4 end-to-end delay-O (sec.)");
ete-delay.gshandle-a[51 op..stat-globalreg ("pri 6 end-to-end delay-O (sec.)");
ete-delay-.gshandle -a[5] = opstat..globalreg ("pri 7 end-to-end delay-O (sec.)");
ete~delav..gshandle a[61 = op-stat..globalreg ("pri 8 end-to-end delay-O (sec.)");
eedelay-pghandle-af7l = on-statSIohaI-reg ("synch end-to-end deay-O (sec.)");

ete-delaygshaxlle =op-stat.S.loblreg ("total end-to-end delay-O (sec.)");

t-gshandleaOj = op-!tat-global-reg ("pri 1 RI. throughput (bps)");
t-.gshandle.a[ I1] = op..stat...global-reg ("pri 2 RI. throughput (bps)");
t-gshande.a[2J = op-.statl~obal-reg ("pri 3 RI. throughput (bpzs)").
r..,gshandle-a[31 = op-stat-global-reg ("pri 4 RL throughput (bps)");
t-gshanle..a14] = op-.stat J.gobal reg ("pri 5 RI. throughput (bps)");
t-gshandlea[5j = op..sta:..global-reg ("pri 6 RI. throughput (bps)");
t...gsharndlc-a[61 = op-stat-global..reg ("pri 7 RI. throughput (bps)");
t..gshanleaf7j opstat__Jobalreg ("pri 8 RL throughput (bps)");
t-gshandle-ali = op-stat..global-reg ("synch RI. throughput (bps)");
tLgshandle..a[9] = op-stat...globa-reg ("async RL throughput (bps)");
t-gshrwdle = op..stax._..gobal-reg ("totw RI. througzhput (bps)");

linkgshandleO] =- op-.stat-p.gobal-reg ("Lank 0 jamming");
fink ,shandlef I = op-tat...gobal reg ("link I jamming"),-
link...gshandlel2J = op-stat__Wgobal_ reg ("Link 2 jamming").
hnrk...gshandlef 3] = op-stat-global..reg ("Lank 3 jamming").
jammer-stats-init = OPCTRUE;

subq-no =0;
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I* 7APR94:determine id of own processor to use in finding */
/* load balancing attribute and station address of the bridge node */
my-id = op_id_selfo;

/* 15JUN94: get rate for link monitoring packet transmission */
op._ima obj-attrge,, (my-id,"lnk-monitor_transrate", &link_montrans_rate);

/* 26JUL94: get duration of the simulation */
opjima sim_attr-get (OPCIMADOUBLE, "duration", &simduration);

/* 26JUL94:generate a self interrupt at each time that a monitoring packv*/
/* is to be sent. Since these packets are to be sent at a flxed terate (per */
/* second), the only way to guarantee packet generation in this event */
/* driven simulation is to create an interrupt at the appropriate sim */
/* times. These interrupts will cause a monitoring packet to be sent */
/* through the discard state.*/

for (time= op-simtimeO; time<=siniduratioia; time+-link_mon tcansrate)
I
opjintpt.scheduleself (iime, OxcO21);I

/* siate (INIT) exit executives **/
FSWLSTATE_EXIT_FORCED (2, state2_exitexec, "INIT')

f
]

/** state (NIT) transition processing */
FSMINIT COND (END OF SIM)
FSM_DFLTCOND
FSMTEST_LOGIC ("INIT')

FSM-TRANSIT SWITCH

I
FSMCASETRANSIT (0, 1, :!e)l_enter exec..;)
FSM_CASE _TRANSIT (1. 0. stateOenterexec,;)

/* -------------------------------------.-.--.-.--...........
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FSM_EXIT (2,cp fddi-sink)

CT . fddi-sink -sWar (prsprvar nanie,v .jrpptr)
qp fdIdi~sink..stae*prsptr;
cbar *var-namne, **var4pptr.
I

FIN (cp-fddi-sink-svar (prs.Jtr))

*vrp-ptr VOS NIL;
if (Vos-String-Equal ("thni..gshandle" . var name))

*varP-Ptr (char *) (&Prspt->svthj...gsbandle);
if (VOS-Striug.Equal "M-delay-gshandue", var name))*varP-Ptr (cbhar *) (&prs-pt->sv in-delay-gsbandle);
if (Vos-$ting-Equal ("ete-delay-gshandle" , var -namle))

*varP-Pt. = (char *) (&prs-ptr->sv-ceedelaygshardie);
if (VosS StringEquaI ("thru-gshandle a" , varjnaxne))

*vr ttr = (char *) (prspt->sNv thniug.handle a);
if (Vos_SufingEqual ("nudelay-.gshandle-a". var-name))

*arppl = (char *) (prspt->svmdeay~gshade a);
if (VosStringjEqua1 ("ete...elaygshandle a" , varjlame))

*v"-ptr= (char *) (prspr->sv -ete -delay--gshandlea);
if (us-Sring-Equal ("t...gshandle". varjiamne))

*Va'-pptr= (char *) (&prs~ptr->sv~tgshandle);
if (VosSnring-Equai ("t ..gshandle -a". varjae))

*v"r-ptr = (char *) (prs~ptr->svtgshandlea)-
if (Vos-Stiing-Equal ("myjd" , varjinaine))

*varppt. = (char * ') (&prs..ptr->svjnyid);
it (VosSating..Equal ("PPP __seqjiumber", var...name))

*Var-p-ptr = (char *) (&prs-pr->sv-PP?_-seq-jnumber);
if (VosS Srin&Fqual ("Lime". var -name))

*va-p-tr= (char '1) (&prspt->sv nixne);

FOUE.
I

void



cpjfddi sink-diag0
I
double delay, creat-time;
Packet*pkptr;
Packet* pkptrl ;/*5APR94*I
Packet*ppp-pkptr;/* l5JU94*/
int src-addr, my-.addr;
int desr..addr;I* 14APR94*/
Ici* from mac-ici43tr;
double fddi-sink-trt;
mnt xniisubqndex;/*5APR94*/
imt load-balance-code; I*6APJR94*/
int i,subq-no; /*25A.PR94*I
int index; /* 10MAY94 */
double link-mon-trans-rate; f* 15JUN94*/
char stiOlS 12]. strl [512]; /* for diagnostics*/
int mon~pkt size; /*26JUL*/
double sunmduration; /*26'JL*/

FIN (cpjddi sink _diag 0)

P~ find out why straight line F'yndrome ~

op4)Ig-odb..printnmajor ('1----------- DEBUGGING for straight line- ",.QWN IL);
sprintf (strO,"count of packets :(%d)",subq-jndex);

sprintf (str i."subqueue no: (%d)".subq~no);
op-prgodb.print-minor (str0,strl, QPC-NIL);

FOLM

void
cpjfddi-sink_terminate (

double delay. creat..time;
Packet*pkptr;
Packet* pkptrl ; /*51&JPf94*/
Packet*ppp~pkptr;/* 15JUN94*/
int src-addr. my-addr;
imt destaddr;/* 14APR94*/
Ici* from~jnacjci.ptr;
double fddi--sink ttin;

98



int xmit.-subq-jndex;/*5APR94*!'
int load-balance-cooe; /*6APR94*I
int i.subo-no; /*25APR94*I
int index; /* 10MAY94 */
double link -mon~trans_rate; i* 1511.N94*/
char str0[5 121. stiri [5121; /* for diagiostics*/
int mon-pkt-size. /*26JU)L*/
double sim-~duratic - -. 6JL

FIN (cp-fddi--sinkterminate 0

I'

Compcode
cpjfddi-sink-imit (:)r state-.pptr)

cp fddiA_sinkstate**pr..state.pptr;

static VosT_-Cm Obtypeobtype =OPC-NIL;

FIN (cp fddi-sink--mit (pr-state..pptr))

if (obtype =OPCNIL)

if (Vos-Catrnem-Register ("proc siatc vars (cp-fddi-sink)".
sizeof (cpjfddisink-state), Vos-Nop, &obtype) =- VOSCFAILURE)
FREI (OPCQCOMPCODE-FAILURE)

I

if ((*pr state..pptr = (cp_fddi_sinkstate*) NbsCarnem-Alloc (obtype, 1)) =OPCNIL)

FRET (OPCCOMIPCODE-FAILURE)
else

I
(*pr...statelpptr)..>current_block = 4;
FRET (OPCCOMPCODESUCCESS)
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APPENDIX D

RING 1 LLCSRC MODULE CODE
'"spjddi-gen.pr.c"

/* Process Iaode! C form file: spjfddi..gen.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>

#'include "spjfddi_gcn, pr "
FSMEXTDECS

/* Header block */
#define MAC_LAYER_OUT_STREAM0
#dcfinc LLC SINK OUT_STRE1AM 1 1,*l ,,94*/

/* define possible service classes for frames */
#define FDDISVCASYNCO
#define FDDISVC_SYNC I

/* define token classes */
#define FDDITKNONRESTRICTEDO
#define FDDI_TK_RESTRICTED I

/* dcfine output statistics */
#define RATIO_OUTSTATO
#er :-A 'INK-STATUSOUTSTAT 1

/ in__status constants 30 JUL94*/
#define GOOD 0
#define BAD 2

/* history trend cnta- i-s 30JUL94*/
#define DOWN 0
#define UP 1
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/* redefine absolute value function for floating pt values 28JUL94*/
#define abs(i) (i)<O ? -(i) : (i)

struct hi~tory_element
/* format for linked list of liistoiy values ',61L94*/
I

int num errs;
struCt bistory-lement * next;

}*history;

/* function declaration 28JL94*/
struct history-element *cetWtro

/* State variable definitions ~
typedef struct

f
FSMSYS STATE
Discribution* sv_l.iteridis.ptr;
Distribution* svjlendist.ptr;
Distr;.bution* sv-dest -dist-ptr;
Distribuwion* svpkt-priority-ptr;
Objid svjnacobjid.
Objid sv-my-id;
int sv-low-dest..addr;
int sv-highdest-addr;
int sv-station_addr;
int sv-src-addr;
int sv-low-pkn-priority;
int svjiigh& priority;
int sv-ppp.pid~~
mnt sv..ppp-.pid-1;
double sv-arrival-rate;
double svmean..pkjlen;
double sv-asyncuwtx;
lci* sv-mac-iciptr;
lci* Sv-mac-iciptrl;
lci* sv-lliciLptr;
Packet* sv..pkprrl;
Packet* sv-pppjpkptrl;
Packet* sy ppp..pkptr2;
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in! sv-hiISImL

int wvbnk-status,
int sx,-.pkhs-in-efor,
double rv-ok-rato;
) sp-fddi.gcn.stite,

#define pr.stt..ptr ((pfd-e-tt* Sim]_ModStatePir)
*define intcr..disi..ptr prstatcpr->sv-inter-dist..jnr
*define len dist-ptr p- sate~.pt->sv lea-dist..pt
#define dest-dist-ptr prswcepr->des:...diSt...ptr
#define pkt-pniority-jr pr..staie~pt->sv..pktipriority-ptr
#acfinc mac objid pr state ->sv.mac obi
*define my-id prsax.pcr->svmyjid
#defint. lowdestaddr pr..staxc..pt->sv-low-dest-addr
#define high-dest -addr pr-stte-ptr->svjiigbdcst_addr
#define station-addr prjt~r-.;~wjnad
#defi!,, src-addr pr-stt..ptr->sv -src-addr
#define low-pktjpriority prstatepr->svjow.pkt.priority
#define high-pkt-priority prstate-p->svig..pkt-prioritY
#define ppp-pid-b pr-statptr->sv..ppp-pid-h
#define ppp-pid_1 pr..statc~i->sv.ppp-pid_1
#define arrival-rate pr-state-pr->sv-amrval -rate
#define mean.pk-len prstate-Pt->sv mean_pkjlen
#define async-nix prstate~ptr->sv-async-rnIx
#define mac-.iciptr pr...stteprr->sv-mac -iciptr
#define mac-iciptr I pr-state-pr->sv maac,_iciptrlI
#define UOc~icipr pr .state.-Prr->Sv -IjcL-p7
#define pkptrl pr-staep->sv.-Pkptrl
#define ppp-pkptrl prsatcpr->svppp.pkptrl
#define ppp- pkptr2 pr-statc.ptr->svpppjpkpr2
#define hist len pr state.pr->sv hist len
#define- link-Status prstat..ptr->sv-link-status
fdefine pKtESj-n-error pr-stae >vktj~rOf
#define old-ratio pr...state-.pur->sv-old-ratio

/* Process model interrupt handling procedure I/

void
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sp-fddi~jcn (
f
Packet *pkpb;.
int pklcn.
int dest- addr;
int ij, restricted.
irn pkt-.pio.;
int num... rrors;
double ncwjratio. uppexjbhresb. Iowerjhrasb.
double LQRjiasdclta;

FSMENTER (sp-fddi..gen)

FSM-BLOCK-SWITCH

/* state (NIT) enttr excuatives **/
FSM_STATE _ENTE&ULNFORCED (0. statenter _exec, "M~r)

I
1* determine id of own processor to use in finding atis *
my-id- opid..self 0);

/* determine address range for uniform desination assignment ~
opimaobj-aurget, (my-id, "low des address". &lowdest.addr);
op-iaobjmaurget (my-id, "high dest address". &high-dest-addr);

/* determine object id of connected 'mac' layer process */
mac..objid = op-tcpo..assoc (ny-id. OPQ-TOPOASSOCOUTT,

OPCOBJM[TYPEMODULE, MACLAYEROLITSTREAM);

/* dctermine te address assigned to it */
/* which is also the, addresse ofWItation *
opima-obj-aztget (inac.-.objid. "station-address", &station-addr);

I* set up a distribution for generation of addresses */
dest-dist..ptr = op-.distjload ("uniforrnjnt". low_dest_addr.

high dest-addr);

/* added 26DEC93 *
/* determine priority . ange for uniform traffic getweration ~
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op-imaobjam.get (my-id. "high pkt priority", &high pkpriorty);
opima..objattr.get (my-id. "low pkt priority", &low-pkt-priority);

/* set up a disuibution for generation of priorities */
pknpriority-ptr - op.dist load ("uniform int", low pktpiorty high_ kt priority),

/* above addr'd 26DEC93 "/

/* also determix ft amval rat, for packet generation '/
op ima obj-am=get (my-id, "arrival rate". &arrivaLrate);

/* determine the mix of asynchrnous and synchronous */
/* traffic. TIhs is expressed as the proportion of */
/* asynchronous traffic i.e a value of 1.0 indicates */
/* that all the produced traffic shall be asynchronous. */
op-ima_obj-attr..get (my-id, "async._mix", &async-mix);

/* set up a distribution for arrival generations */
if (arrivalrate != 0.0)

I
/* anivals are exponentially distributed, with given mean */
inter-dist-ptr = opdist load ("constant", 1.0 / arnival-rate, 0.0);

/* determine the disribution for packet size */
op-ima-obj-a-trget (myjid, "mean pk length", &meanpkien);

/* set up corresponding distribution */
len-dist-ptr = opjdistload ("constant", mean pk_len, 0.0);

/* designate the time of first arrival */
fddi_genschedule 0;

/* set up an interface control information (ICI) structure */
/* to communicate parameters to the mac layer process */
/* (it is more efficient to set one up now and keep it */
/P as a state var:abie than to allocate one on each packet xfer) */
7.c_iciptr = opici create ("fddi_macreq");

/* set up history array (dynamically allocated) which will maintain */
/* numbe of errors ih each monitoring packet r:d. The number of */
P values (length of the array) saved will be determined by an */
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/* environment attribute. 2 1JUL94 */
op-imaobjattrget (my.id. "history length". &histlen);
history = create-history(histlen);
printf ("HISTORYv"):
if (op-simlebug0 r OPC_TRUE)

I
for (i=1;i<=hist-len++i)

f
printf ("%d ".history->numt_errs);

history = history->aext;
I

printf ('O");
I
I

/** blocking after enter ,xvmtives of unforced state. */
FSME-'-j (1 .sp-fddi gen)

/** state (INIT) exit executives */
FSMSTATEEXIT_UNFORCED (0. stateOexitexec. "INIT')

/* state (INIT) transition processing **/
FSMTRANSI' FORCE (1, statel_einer-exec.;)
/* -----------.------.............--------------------- *

/** state (ARRIVAL) eoter exmeojives **/
FSM_STATE ENTER UNFORCED (1. statel enter,:xec. "ARRIVAL")

I
/* This station should receive frames from the other lan as long a. */
/P there are frames in the input sueams addressed to this lan */
I*check if the interrupt type is stream interrupt *l/* 12 APR94*/
if(op-intrpt-type0 =z OPCINTRP'T.STRM)

I
/* if it is, et the packet in the input stream causing interrupt */
* modified for PPP 12JUL94 */

ppppkptrl = op.pk_get(opntrpt-strm);

105



/* determine type of PPP packet 12JUL94 */
op-pknfdget(ppp..pkptrl ."pidjh", &ppp-pidjh);
/* case on pid-h: 00 - data, OxcO - control 13JUL*/

switch (ppp-pidh)

f
case OxOO: /* if data, strip header and scnd as FDDI frame */

/* strip off PPP header 12JUL94*/
if (op-sim-debugO==OPCRUE)

I
printf ("pkt rcvd at sp: datan");
num_errors -op-tdget-int(ppp4)kptrl,OPC_ TDA_PT_NUM_ERRORS);
printf ("number of errors in data - %d\n';,num-errors);

op._pk.nfdget(ppp-pkptrl."FDDIjframe",&piptrl);
oppkdestroy(ppppkptr I);
/* get the destination address of the frame: 16APR94 */
oppk nfd._get(pkptr 1, "desaddr", &dest addr);
/* check if this frame is for the remote bridge statii' Zbridge in surface lan) */
if(dest-addr == station-addr)

/* if it is, send the packet to Ucsink directly */
/* in order to prevent overhead of mac access */
opjpk-send(pkptr 1. LLCSINKOUTSTREAM);* 19APR94*/

else
/* this packet is to send to mac */

I
/* determine the source address of the frame */
op.pk-nfd_get(pkptr 1, "src-addr". &src-addr);
/* set up an JC structure to communicate parameters to */
/* MAC layer process */
mac-iciptrl = op-ici-crte("fddi-macjreq");
/* place the original source address into the ICI *//* 16APR94 */
/* "fddi-macreq" is modified so that it contains the original */
/* sou- adA-ss frOM the local Ian(collectiou pladorm) *1
op-ici-attr-set(macpiciptrI, "src addr". src addr);
/* place the destination address into the ICI *//* 12APR94*/

op-ici-attr-set(mac-iciptr 1. "destaddr". dest.addr);
/* assign the service class and requested token class "/
]* At this moment the frames coming from the remote Ian are assumed */
/* to have the same priority as synchronous frames in order not to accumuate */
/ packets on the bridge station mac and instead to deliver their destinations */

/* as soon as possible */
op...pknfd-set(pkptrI, "pri". 8);
op-ici atrset(macjciptrI, "svclass", FDDISVCSYNC);
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op-ici-&-=set(mac-iciptr 1. "pri". 8);
op-iciattr-set(macjciptr I, "tkclass", FDDITK_NONRESTRICTrED);
/* send the packet coupled with the ICI *
op-icijnstal(mac -ciptrl);
op-pksend(pkpul I MACLAYER.-OUTSTREAM);

break;
case OxcO: P* either monitoring packet or LQR *

,up.-pkjifc-get (ppp..pkptrl ."pidj",&ppp..pid-1);
switch (ppp...pid-1)

I
case 0x21: /*monitcoring packet*/

printf ("MONIORING PACKETr 'ECElV r-vi").
nuin errors =op-tdget-int(ppp-pkptrl .OPC-JDA-'T4UMERRORS);
printf (44 NUMBER OF ERRORS -->%c~n",nuun-errors);
if ((num-errors != 0) && (history->num-errs=-0))

pkts in_error++;
else if ((num ~errors- 0) && (history->numiLerrs != 0))

pktsjin~error-;
printf C' TOTAL NUMBER OF PACKETS IN ERROR -

>%/d\n",pkts-inerror);

history->num_.errs = num_errors;
history = istory.>next;

if (op simn_debug0==OPQ _R(JE)
P~ print out history values 30JUL94 ~

I
for (ia 1;i<=hist-len;+4i)

printf ("%d " history->nuA errs);
history =history->next;
I
printf('n)

op..pk-destroy (ppp...pkptr 1);

new-ratio -. (double)pkjneror/(double)histilen
P* ounstat(0) will be a record of the ratio 8AUG94*/
op..stat-local-write (RATIO_OLTrSTAT, new ratio);
op-ma-obj-attrget (my id, "LQR transmission delta". &LQR trans delta);
if (op-sim1-debug0==OPCJTRUE)
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print! ("LQR delta - %f new-ratio - %f old-ratio -

%fni",LQRjtrans -delta~newjratio~old-ratio);
/* 8AUG94 This condition allows for tolerance in the ratio

calculation(divjsion) */
if (abs(newjrauo - old~jatio) >= LQ2R_transjdelta)

I
ppp-pkptr2 = oppkreatc._wt ("ppp");
op.,pkjifd..set (ppp...pkptr2, "pid.JV', OxcO);
op..pkjifd-set (ppp..pkptr2, "pidj", 0x25);

op ia....obj-attr...ct (my-id, "upper hysteresis threshold",
&upperjhresh);

opimajobjair-get (myjd. "lower hysteresis threshold',
&lower thrsh);

P~ status = GOOD 0 or BAD 2 trend = UiP I or DOWN 0 2AUG94*I
if (new-ratio >= upj.cerjhresh)

link-status =BAD;
else if (flew-ratio <= lower.Sliresh)
link-status = GOOD;
else link-Status = link-status - (linkm.tus % 2);/:k remove trenUd value*/

P~ outstat( I) will monitor link status 0-GYOOD 1-BAD 8AIU094*/
op..statjocalwrite (L.INKSTATUS-OIS TAT, (double) (link-status/

2))

P* trend will change each time *
if (new-ratio > old -ratio) /*up-trend *
link-status +-- UP;
else link-status += DOWN;

op-pkjifctset (jppppkptr2. 'LQRjinfo", link-status);
if (opsimnjlebugO==OP.C_TRUTE)

print! ("resulting LQR pktm");
oppk.print(ppp..pkptr2);

old jatio =new-ratio;
op-pk-send (pp pkptr2, LLC_SINK_OUT _STREAM);

if (opsimjiebug0=-OPC..YRUE)
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printf (" Late~t ratio: %lf"newjratio);
break;

case 0x2S:/*LQR from cp - not implemented yet*/
break.
default:

printf ("ERROR: UNKNOWN PPP PACKET - pid l=O0x%x~M",ppp..pidJl);
op-pkjiestroy (ppp..pkptr I);

break;

break;,
default:

printf ("ERROR: UNKNOWN PPP PACKET - pidji=Ox%x\n",ppppidji);
oppkdestroy (ppp..pkpcr 1);

break;

/* otherwise, generate the frame *

else
I

I* determine the length of the packet to be generated *
pklen = op-dist-outcome (lenadist-ptr);

/* determine the destination */
I* dont allow this station's address as a possible outcome ~
gen...packet:
dest-addr = op-.dist-outcome (dest-dist-.ptr);
if (dest addr != -1 && dest-addr =station-addr)

goto gen-packet;

P* 26DEC94 & 29JAN94: determine its priorit-y
pkt..rio =op...dia,t_cme (plt prioriry..ptrI;

P~ creatc a packet to send to mac */
pkptr = oppkceatejmt ("fddi_Ulc_fr");

P* assign itss overall size. */
op-pk-otal-sizeber (pkptr. pklen);

P* assign the time of creation ~
pp.-p-if-set (pkptr. %"ajime", opsimjime )
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/* Placr the deuination address into the 10 ~
/* (th~e protoco~typ- field will default) */
or-ici-attr-set (mac-jciptr, "destaddr", dcst..addr);

/* place the source address into the ICI *//* 1 7APR94*'!
op-ici_attr_set (macjiciptr, "src-addr-, station-..addr);

P* cssign the priority, and requested token class */
/* also assign the service class; 29JAN94: the fddi-lcft *
1P format is modified to include a "pri" field. *
if (op jlis~uniform. (1.0) <= asyncjnix)

I
op-pknf&.set (pkptr. "pri", pkt-prio); /* 29JAN94 *

opici-atr-set (macjiciptr, "svc -lass", FDDI...SVCQASYNC);
opjici-att_ -et (mac-iciptr. "pri", pkt-prio); /* 29JAN94 ~

elsel
op-pkifd.set (pkptr. "pri", 8); /* 29JAN94 *

op.. ici-atr.set (macjiciptr, "svc-lass". FDDI_SVC_SYNC);
op-ici-attrset (macjiciptr, "pri", 8); /* 29JAN94 ~

P* Request only nonrestricted tokens after transmission *
opiciatr-set (mac-iciptr, "tk class", FDDI.YK..NQNRESTRJCTED);

"* Having determined priority, assign it; 26DEC93 *
"* op-iciattr-set (mac-iciptr, "pri". pkt-prio); *1

1* send the packet coupled with the ICI *
op_ici-install (macjiciptr);
P* check if destination address is in the local lanQcollection platform)*/
if(dest-addr <= 9)

15I -ti, this packet is to sead 1kc -sink direcilly
op-pk-send (pkprr. LLC_SIN_OUTSTREAM); 1* 18APR94*/

else
/P if not, the packet is destined for remote Ian (surface stations)*/
op-pksend (pkptr, MAC-LAYER_.OLr..STREAM).

P* schedule the next arrival ~
fddigen schedule 0



/** blocking after enter executives of unforced state.
FSM-EMT (3,spjfdd..gen)

I""" state (ARRIVAL) exit executives ~
FSM-STAThEXITUNFORCED (1, statel-exit-exec, "ARRIVAL")

I'state (ARRIVAL) transition proczssing
F$MJ'RANSITJFORCE (1, statel -enter _exec,;
*--....------------------------------------

FSMEXIT (O,spjfddi-gen)

void
spjfddi-en.svar (prs..ptrvarjaamevarss-tr)

sp-fddi-gen tate*prs-pr;
char *var-name, **var~4)j7;

RIN (sn-fddiszensvar (prsjtr))

*va-ppt =VOSNIL;
if (VosStringjiqual ("intez-jiist-ptr" . varjxame))

*va~p-ptr = (char *) (&prs-ptr->sv-intrdistsrtr);
if (Vos-StringEqual ("Il.dist-ptr" . var..name))

*vrp-ptr = (char *) (&prs...ptr->svjlen~fiist~ptr);
if (Vos-String-Equal ("desr ist T.p" , var .namne))

*vrppst = (char *) (&prs-ptr-sv dest-distsPtr);
if (Vos-String-Equa1 ("pkt-priorityjntr" .varjiame))

*var-p-ptr = (char *) (&prt-ptr->sv.-pkt-priorityjnpr);
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if (Vos String-Equal ("mac-objid" , var-name))
_char =) (&prsptr->sv macZ_objid);

if (Vos-String-Equal ('myid" , varji ame))
*var-p-ptr = (char *) (&p sjnx->sv-my-id);

if ( Vos Saing..Equal ("low_dest_addr" . varjame))
*va-p-tr= (char *) (&pr&..pu->sv -low_destaddr);

if (Vos StringEqual ("high~dest..addr" , varjiname))
*varpjnr = (cha *) (&pr~->sv-gh-estaddr);

if (Vos-StringEqual ("station -addr" , v'arjiname))
*v&4\pptX (char *) (&prs...ptr->sv-Station~addr);

if (XTosS ingEqual ("src...addr" , varjnime))
*,arpfl.= (char *) (&prsptr*.>sv_src__addr);

if (Vos-String-Equai ("low-pktpriority" . varjname))
*var..pptr =(char *) (&prs-ptr->svIow-pkt-pziority);

if (Vos-String-Equal ('4high..pktriority" , var-name))
*vir..pr = (char *) (&prs-ptr->svj.ighjpkt-piority);

if (Vos-String..Equal ("ppp-pidhj" , var-name))
*var..p-ptr = (char *) (&prsptr->sv._ppp-pid ji);

if (Vos-String-.Equal ("ppp...pidl", ,varjiname))
*var-p-ptr = (char *) (&prs-pt->sv-ppp-pid-l);

if (Vos-String-Equal ("arival -rate"', varjiame))
*varp~pr =(char *) (&prsptr->sv_arrivaljate);

if (VosS.tringFqual ("meanpkjlen". var_name))
*var-ppty = (char *) (&prs-pr->sv mean_pkjen);

if (Vos-tring-Equal ("async-mix" . var..naxne))
*varp-ptr =(char *) (&prs-pnr->sv-asyncjnmix);

if (VosStringEqual ("macjiciptr" . varj.yame))
*var.p-ptr =(char *) (&prs-pnr->sv-mac-iciptr);

if (Vos-String-Equal ("mac-iciptri". var-name))
*varpptr =(char *) (&prs-ptr->sv-rmac-iciptr I);

if (VosStringEqual ("llc-iciptr" .var-nune))
*vrppt = (char *) (&prs-ptr->sv lic~jiipr);

if (VosString-Equal ("pkpari" , varrm)
*rpptr =(char *)(&prs...ptr->sv..pkprtrl):

if (Vos-String..Equal ("ppp...pkprr 1". var-mane))
*var-p-ptr = (char *) (&prpr->sv-ppr pkptrl1);

if (Vos-StringEqual (-ppp-pkptr2" .var-came))
*varpptr = (char *) (&prsptr->sv..ppp jkptr2).

if (Vos-StringEqual ('hist-len". varjiamc))
*vrp-ptr = (char *) (&prs-pr->sv-his_len);

if (Vos-StringEqual ("link-status". var-name))
*var--ptr= (char *) (&prs-.ptr->sv_link-_status);

if (VosString..Equal ("-pkts-inerror" . var-name))
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*vrpptr = (char *) (&prs.ptr->sv-pkts-in eror);
if (Vos-String-Equal ("old-atio"., var -namle))

*Varpptr =(char *)(&prsptr->sv-old-ratio);

FOUL'
I

void
sp-fddi-ge,-iag0

Packet*pkptr;
int pklen;
int destaddr.
iwt ij, restricted;
int pkt~pric;
int num-errors;
doublenew-ratio, upper thresh, lower-thresh;
doubleLQOtrans .delta;

FOUM

void
spddi-gen-term inet--(

I
Packet*pkptr;
int pklen;
int dest addr.
in! i.,. restricted;
int pkt~prio;
int nurn-errors;
douhienew-ratio, upper-thresh, lower-thresh;
doubleLQRtransdelta;
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*va-p-tr= (char *) (&prptr->svpktsin-erIor);
if (VosString-Fqual ("oki'amtio" , var-nare))

*varjp.pt. a- (char *)(&prsptr->sv old-ratio);

FOULr

void
spjfddigenjliag0

I
Packet*pkptr;
int pkle~n;
int dest~addr;
int ij, restricted;
int pkt..prio;
int numrnrors;
doublenew ratio, uz).per thresh, lower-thresh;
doubleLQR transdelta;

HqN (spjddi-gv,...diag 0

FOLT,

void
sp-fddi-gen-enninate0

Packet*pkptr;
irn Pklen;
int dest-addr.
mnt ij. restricted;
in! pkt-prio;
int num-errors.
doublenew..ratio, upper-thresh, lower thresh;
doubleLQRjtraasjielta;
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/* schedule the arrival of next generated packet */
opiapt-scheduleself (op-simtime. 0 + inter-time, 0);
I

struct histoyelement *createhistory(size)
int size;

/* returns a pointer to the first element in a circular linked list *1
I
struct history_e.ement *p, *new, *start;

int i;

for (i= 1 ;i<=:ize;++i)
I
prindf ("inside on iteration %d %d',i,size);
new = (struct istory_.element*)maUoc(sizeof(struct history_element));
if (!new)

I
printf("ERROR: MEMORY ALLOCATION");
exit(l);
I

if (i==l)
I
p = new;
start = new;
I
else p->next = new; /* stick new element on end of list*/

new->next = NULL;
new->num .errs = 0;

p = new;

p->aext = start;
return (sta-t);
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APPENDIX E

RING 1 LLCSINK MODULE CODE
"spj'ddi-sink.pr.c"

/* Process model C form file: spfddi sink.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>
#include "spfddi-sink.pr.h"
FSMEXT DECS

/* Header block "1
/* Globals */
/* array format installed 20JAN94; positions 0-7 repiesent the asynch priority levels, PRIORITIES
+ 1 */
/* represents synch traffic, and grand totals are as given in the orignal. */

#define PRIORITIES 8 /* 20JAN94 */
#define XNCM RBUSY0/*OMAY94 */

#define LLC SOURCEINPUTSTREAM I /*26JUL94*/
#define MACINFUT_STREAM 0

static /* 05FEB94 */
double fddi2_sinkaccumd.elay = 0.0;
static /* 05FEB94 */
double fddi2_sinkaccum-delay_.a[PRIORITIES + 1] = 10.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0);
static /* 05FEB94 */
int fddi2_sink-total.pkts = 0;
static /* 05FEB94 */
imt fddi2_sinktotal_pkts_a[PRIORIIES + 1] 10, 0, 0, 0, 0. 0, 0. 0, 0);
static /* 05FEB94 */
double fddi2_sinktotalbits = 0.0;
static /* 05FEB94 */
double fddi2_sink total bits a[PRIORITIES + 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.G, 0.0, 0.0, 0.0);
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double fdi2_sink-peak-delay = 0.0;
sratir 1* 05FEB94 V/
double fddi2_-sink-peak...elay-a[PRIORITES + 21 (0j.0. 0.0, 0.0,.0.0, 0.0, 0.0, 0.0.,0.0, 0.01;
static/1* 05FEB94 */
int fddi2_sink-scalar write = 0;
static/*" 05FEB94 */
mnt pri2_set = 20; /P 20JAN94 *
double busy = 0.0; /* I0MAY94 *

P* Statistics used for command link:2 1APR94 *
static
int fddilp2-totaL-pkts = 0;
static
int fddilp2,_.total MItaPRO~lES + 1]1 f0, 0, 0, 0, 0, 0, 0, 0, 0);
static
double fddilp2_totaL-bits = 0.0;
static
double fddilp2_total-bitsa[PRIORITIES + 1] = {.0, 0.0, 0.0, 0.0,.0.0, 0.0, 0.0, 0.0. 0.0):

/* Externally defined globals. *1
extern doublefdd..tq.pr [I;

/*12JAN94:attributres from the Environment Mie *
double OfferedLoad; /* 12JAN94 */
double AbynchLOffered-Load; /* 12JAN94 *

/* transition expressions *I
#define END_OFSIM opjintrptctype() =-- OPCIRPT_-EDSIM

/* State variable definitions V/
typszdef siruct

i
FSMSYS.,STATE-
Gshandlz sv~thru2..sade
Gshandle sv-m2..delay..gsbandle;
Gshandle sv-ete2-delay..gshandle;
Gshandle sv-thru2-gshandle.a [I10J;
Gsbandle- sv...n2_.dclay .stiondle..a[ 10];
Gshandkf &V_ te2-.dday-gshandle.a91;
Gshandle sv-t2.gshandle;
Gshandle 3;v Q .shandle a[I0];
Objid sv- myjid;
)spjddi-sink-state;
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#define pr-.state-ptr ((spjfddi-siW:-state*) Sun!_ModState-Ptr)
#define thru2-gshandle pr...state-ptr->sv-tbru2..gshandle
#define m2jielay-gshandle pr...state-ptr->sv n12_delay-gst-andie
#define ete2-delay-gshandle pr-sae-p-sv ete2_delay-gshandle
#define thn12--gshandle a pr-stept->sv thru2gshandle-
#define m2_delay-.gshandle _a pr..state..ptr->sv rn2_deiu±y..gshandle-a
#dtfine ete2delay..gshandle-a pr-state-pr->sv ete2_-delay..gshandle,-a
#define t2..gshandle pr-stte-ptr->sv2 gshandle
#define t2_gshandle.a pr..state..ptr->svj.Z..shandie-a
#define my-id pr-stae-ptr->sv-ny-jd

/* Process model interrupt handling procedure *

void
spjfddi-sink0

I
double delay, cretime;
Packet* pkptr;
Packet* ppp~pqtr
]Packet* pkptrIl ; /*5AfR94*/
int src-addr, myaddr;
int dest~addr./* 14APFR94*/
Ici* from -mac-ici-ptr;
double fddi-sink -ttrt;
char pkjforniat[ 10];
int input-stream;
irit fd-index, FDDIjframe-size;

FSM-ENER (spjfddi-sink)

FSM-BLOCK-SWTICH

/* -------.-----------------
/** state (DISCARD) enter executives ~
FSMSTATEEN2TRjUNFORCED (0, stateO-enter exec, "DISCARD")

I
/* determine the typ~e of interrupt ~
switch(opjntrpt.type0))

I
I"' check if transmitter is busy *
case OPCINTRPTSTAT:



{
busy = op-stat-local read (XMITIERBUSY);
break;
}

/* check if a packet has arrived */

case OPCINTRPTSTRM:
i
/* get the packet*/
input_stream = opjintrptstrmO;
pkptr = op_pkget (input-stream);
oppkjformat(pkptr,pk.ormat);

/* if the packet is a ppp control packet from the llc_source */
if ((strcmp(pk'format,"ppp")==0) &&(input_stream = LLC_SOURCE_INPUT_-

STREAM))

/* bypass all this and send pkt out on the command link */
I

else
I
/* assume this is a FDDI frame */
from_mac_ici_ptr = opintrptici 0;

/* 20JAN94: get the packet's priority level, which */
i* will be used to index arrays of thrupuw and delay */
/P computations. */
/* pri2_set = op.pk.priority-get (pkptr); doesn't work aere *I
oppknfd..get (l-kptr, "pri", &pri2_set); /* 29JAN94 */

/* determine the time of creatif'o of the packet */
op..pknfdget (pkptr, "crjr ne", &ceat-time);

/* determine the dest address of the packet *//* 18APR94*/
op.pkjnfd..get (pkptr, "lestaddr", &dest-addr);

/* 7APR94:determine id of own processor to use in finding */
/* station address of the bridge node */
my-id = op-id-self0;

/* 14APR94: also get my own address */
opia .obj attr..get ( myjid. "station-address", &my-addr);

/* destroy the packet */
/* op.pk-deswroy (pkptr); */
/ 03FEB94: rather, enqueue the packet. This will be the */
/* first step toward developing a LAN bridging structure. */

P Nix . /
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/* op-subq-pk insert (pri_set, pkpLT, OPCQPOSTAIL); */

/* 14APR94: check the fiame passed to "Uc" is destined for */
/* this station. If it is destroy the packet; if not, allocate the packets */
/* to the command link transmitter since they are destined for the remote lan "I
/* -Karayakaylar */
/* determine the packets coming from surface stations, this will */
/* be counted for local traffic */
/* 9(nine) is model specific, this is the "stationnumber" of */
/* collection platform bridge station */
if((dest-addr == myaddr)&&(src addr > 9))

4
/* add in its size */
fddi2_sink_total_bits += op._pktotalsize-get (pkptr);
fddi2 sink_total_bitsa[pri2_set] += op-pkjtotal-size-get (pkptr); /* 20JAN-

20APR94 */

/* accumulate delays */
delay = op-sim time 0 - creatjtime;
fddi2_sinkaccum-delay +- delay;
fddi2_sinkaccum-delay-a[pri2-set] += delay; /* 20JAN.20APR94 */

/* keep track of peak delay value */
if (delay > fddi2_sink-peak-delay)

fddi2._sink-peakjielay = delay;

/* 20JAN94: keep track by priority levels as well 23JAN-20APR94 */

if (delay > fddi2_sink-peak-delay-a[pri2_set])
fddi2 sink-peak-delay-a[pri2._set] = delay;

oppk.destroy (pkptr);

/* increment packet counter; 20JAN94 */
fddi2_sinktotal_pkts++;
fddi2_sinkjtotal-pkts_a[pri2_setJ++;

/* if a multiple of 25 packets is reached, update stats */
/* 03FEB94: [0]->[71 represent asynch priorities 1->8, */
/* respectively; [8] represents synchronous traffic, */
/* and [9] represents overall asynchronous traffic.-Nix */
if (fddi2_sink_totalpkts % 25 = 0)

I
op-statglobal-write (thru2._gshandle,
fddi2_sinktotal bits / op-sirntime 0);

op-star global-write (thru2_gshandle a[pri2_set],
tddi2_sink_total-bits-a[0 / op-sim-timeo);
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op-stat....lobal write (thru2_.gs~wdle-a[O],
fddi2_sink-total bits-a[lI] / opsimtixneO);

op-stat-global Niite (thru2...gshandlea[ I],
fddi2_.sink-totaLbits_-a[pri2 set] / op..simn..imeo);

op-stat-global-write (thu'2_.gshandlea[2j,
fddi2_siniktOtabits -a[2] / op..simtjimeo);

op-stat,.global write (thru2.gshanclle -a[31,
fddi2_sink_totalbits.a[3J / op-simtimeO);

op-stat.global write (thruZ..shandle a[4],
fddi2_sink-total bits a[4j / opsim -timeO);

op...stglobal-write (thru2.gshandle-a[5],
fddi2_sink_total-bitsa[5] / opsimn..timeo);

op-st..obal-write (thru2-gshandlea[6],
fddi2__sink-totalbitsa6] / op...simnsimeo);

opstatglobal-write (tbru2_gshandlea[7],
fddi2-sink-total-bits -a[7] / op-simjimeo);

op-.stat..global-write (thru2-gslandlea[8],
fddi2..sin;t otaLjbitsa[8] / op...simjimeQ);

/* 30JAN94: gather all asynch stats into one overall figure *
op-statgobaL-write (thu2.gsbandle.a(9],

(fddi2_sink-total_bits - fddi2_sink-total bits-a[8])/
op-.simktimeo);

1* (fddi2_sink-tota..bits a[O] + fddi2 -sink total bits A] + *
/* fddi2_-sink -total bits -a[2] + fddi2 sinK_totalbitsa[3j + *
1* fddi2_sinkjtotaLbits..a[4] + fddi2 sink;_total_bits a[5J + *
1* fddi2_sinkjtotal bits a[6] + fddi2 sink total bits a[7]) /*
1* ep-simfl.tizneO); */

op-sta-gobaLwrite (m2_delay-gshandle,
fdi2_sink-accum-delay / fddi2_sink .totaljpkzs);

op-statglobaLwrite (n2-delay..gshandlea[o],
fddi2_sink~accm delay a[O] / fddi2-sinktotalpktsa[O])-

op-.stat--global-write (l2delay.gsbanlea[l],
fddi2_sink_accurn._delaya[1] / fddi2_sink_total~pktsa[l]);

op-stat-V.gobai-write (m2-.delay..gskiandle-a[2],
fddi2-sin*_wccum-delay-a[2] / fddi2-sink-total-pkTs-af2]);

op-stat..gobal write (m2_delay-.gshandle at 3],
fddi2_sink-accumdelay _a[3] / fddi2..sinktotaipktAsa[3]);

op-.stat--global -write (m2jelay, .gsbandlea[4].
fddi_sink-accum...delay-a[4] / fddi2_sink-total-.pkts-a[4]);-

op-statglobal -write (mZ..elay..gshazlle-a[51,
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op.stat...globaLwrite (n2-deay-gshandle.a[1,
fddi2_sinkaccum.delay..a[6] /fddi2_sinkjtcatpktsa6]);

op-.stzq..global-write (m2 -delay-,gshandle..a[7J,
fddi2_sink-accum~delay-a[71 Ifddi2,_sink_tota! Dkts_a[7]);

op-sat..global- write (m2jlelay ghadlf l
fcldi2_sink~accm-delaya[8] / fddi2_sink-toal 4 *ktsa[81);

/* 30JAN94: gathier all asynch stats into one figure *1
op ..stat...giobal-write (m2 -delay.gshaadle..a[9].

(fdi2..sink-accum-delay - fcldi2_sink_accumdeay...[8])I
(fddi2-sinkjotalpkts - fddi2..sinkj _ota..pkts.a[8]));

/* (fddi2 sinka 'm delay.a[0] + fddi2.sink_accun delay .a[ 11 I+*/
/* fddi2_-sink_accum_delay.a[2] + fddi2_-sink-accum_delay.a[3] + *
/* fddi2_-sink_accum_delaya[4] + fddi2_sinkaccum.de~ay-a[5] + *
/* fddi2_-sink -accumdelay.a61 + fddi2_-sink-accumdelay-a[71) /*
/* (fddi2 sink-jota.,pkts..a[0] + fddi2_sink-total..pks-.a[l] + *
/* fddi2_-sink -totaLp.ksa[2] + fddi2_sink_totalpkts..a[3] + *
1* fddi2_-sink otl-pkts-a1] + fddi2_sinktota.pkts-a151 + *
I* fddi2_sink tot&.~pktsa[61 + fddiZsink~totai..pkts~a[7])); *

I* also record actual delay values */
op..statgSlobal-write (ete2-delay.gshandle. delay);
op-s.tt-gobal-write (ete2-delay-gsbandle...a[priZsetl, delay);

)/*end of if(desLaddr--myaddr)&&(src_addi > 9)statement *

/* 20APR94: destroy the packets comin from the first Ian destined *
P* for this station.These packets are not counted for local tr&ffic.*I
else if(dest -addr = my-addr)

op..pk-desroy(pkptr);

/* Other frames passed to "lc" should be destined for other Ian *
I* i 8APR94 :allocate the packets to transmitter of command link ~
else

I

P* add in its size ~
fddilp2 -otal-bits += op-pk totl_size~get (pkptr);
fddilp2Ltotalbits-a[pri2.set] +-- op-.pk-total-size..get (pkptr); /* 2OJAN-

20APR94 *f

/ increment packet counter; 20APR94 *
Wdiip -tota&.pkts++;
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fddilp2-totalpktsa[pid2se]++;

/* if a multiple of 25 packet-, is reached, update stats ~
/* [O]-X[71 represent asynch priorities 1l->8, */
/* respectively; [8] represents synchronous traffic, *
/* and [9) represents overall asynchronous traffic.-Nix ~
if (fddilp2jtotaI..pkts % 25 =--0)

I
op-statglVobalwritrj (Q-gshardle.
fddilp2_-total_bits ; op...sim-time ());

op-statglobal -write (t.2gshaxidle.a[pri2_set],
fddilp2_totaL..bits-a[0J / op-simjimeo);

op-stat-.global-write (t2...gshandle a[0],
fddip2obitsa[ 11 / opsimtimeQ);

op-stat-.global-write (t2_gsbanle a[ 1],
fddilp2..jotal-bits..a[pri2-set] / op.sim-time0):

op-stat--globaL.write (t2_gshandle...a[2],
fddilp2olbitsa[2] / opsimj.tmeo);

op...sta-globaLwrite (t2_.gshandle-a[3],
fddilp2jtotaibitsa[3] / op-sim -imeX));

op-stat..globaLwrite (t2-gshandie.a[4],
fddilp2_toaLjits..a[4] / opsimf~ime0);

OP..stat-global -write (t2.sandle-a[5].
fddilp2,jotbits.a[5] / op~simjimeQ));

op....stat...g!obal-write (t2..gshandlea(6],
fddilp2 JoWa..bitsa_[6] / op..simjtime());

op-stat..global-write (t2_gsbandle -a[7],
fddilp2 total-bitsa a(71 / op. _sim - imc0)f;

op-strat-global-write (t2..gshandle -a[8],
fddilp2jtotaLbits-a[8] / op-sitr .imeo);

1* gather all asynch stats into one overall figure *
op.-stat-lobal -write (t2_..gshandle -a[9],

(fddilp2.joa...bits - fddiIp2.totaL bits a[8j)/
op-sim-imeo);

/(fddilp2jtotal-bits a[Ol + fddilp2_ttal.bits-a[ 1] + *
1* fddilp2otlbits.a[2] + fddilp2jotal-bits.a[31 + *
/* fddilp2..total bits af4] + fddilp2jtotal-bits-a[5] + *
/* fddilp2-totsl -bits-a[1 + fddilp2_total bits a[7]) /*
/* op..simjime0); *
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"* 21APR94:allocate packets to the command link transmitter ~
"* altered for ppp 1 AUG94 */
ppp...pkptr = op..pkcreteimt("ppp-mf');

op..pkjifd-set (ppp-jpkpw, 'pid-h", OxOO);
op-.pk-nfd-set (jppppkpw, 'pidj'". Ox3d);
oppkt-nfd-,set (ppp..pkptr, "FDDI-frame", pkptr);
/* put ppp packet on subqiaeue to be xmitted ~
op-subqpk~nsert(0, ppp..pkptr, CQPOSTAL).

j/* end of else *f
)/* end of else for (if ppp and from LLC..source) ~

P* check if this subqueue is empty and transmitter is not busy *
if ((!opsiibqempty(O))&&(busy = 0.0))

I
/*access the first packet in the subqueue *
PkPirlI = op-subq.pk.remove (0, OPCQPOS-HEAD);

P* forward it to the transmitter of command link *
op-pk-.send (pkptrl, 0);

break;
1/* ond of case OPCIRPTSTRM statement *

I/* end of switch *

/~blocking after enter t;ACcutives of unforced state. ~
FSMEXI(lspjfddi-sink)

/** state (DISCARD) exit executives
FSMSTATEEXILUNFORCED (0, state0_exitexec, "DISCARD")
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/* state (DISCARD) transition processing **/
FSMINIT_COND (ENDOF_SIM)
FSMDFLT COND
FSMTEST-LOGIC ("DISCARD")

FSM_TRANSIT_SWITCH

I
FSMCASETRANSIT (0, 1. starelenter exec.;)
FSMCASE_TRANSIT (1, 0, state0_enterexec,;)

1* ------------------------------------------ *1-

/** state (STATS) enter executives **/
FSMSTATE_ENTER UNFORCED (1, statel_enter exec, "STATS")

/* At end of simulation, scalar performance statistics */
/* and input parameters are written ouL */
/* This is for command link throughput :21APR94*/

op-stat-scalarwrite ("CL Throughput (bps), Priority I",
fddilp2_total-bitsa[0 / op-sim.tine 0);

op-stat-scalar-write ("CL Throughput (bps). Priority 2",
fddilp2_total_bitsa[l]. / opsim-time 0);

opstat_scalar_write ("CL Throughput (bps), Priority 3",
fddilp2 totalbits_a[21 / op siretime 0);

Opstat-scalar2write ("CL Throughput (bps), Priority 4",
fddilp2_total_bitsa[3] / opsimtime 0);

opsstat.scaiar write ("CL Throughput (bps), Priority 5".
fddilp2_totalbits a[4] / op siretime 0);

op-stat_scalarwrite ("CL Throughput (bps), Priority 6".
fddilp2_totalbits_a[5] I op-sim-time 0);

op-stat-scalar write ("CL Throughput (bps), Priority 7",
fddilp2 totalbitsa[6] / op sim_time 0)

op-stat scalar-write (Cl. Throughput (bps), Priority 8",
fddilp2_total_bisa[7] / op-simime 0);

op_.4si caia-_wfi ("CL T'hroughput (bps), Asynclarnous",
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(fddilp2_totalbits - fddilp2jtotal_.bitsat8]) / op-.simjtime 0);

/* (fddilp2jotalbits.aIO + fddilp)2jotal-bits-z[ ] + *
/* fddip2 jotalbits....a2] + fddilp 2jotal..bits-8.[3] + *
/* fdilp2-total-bitsa4] -&- fciilp 2-otal-bits-45.] + *
/* fddilp2_otalbits.a[6] + fddilF 2-total..bits...a[7]) /*

opstat_scalar _write ("CL Throug hput (bps), Synchronous~".
fddlp -obits a[8] / op-.sia.- !irrie C.1;

op-.stat -scalar-write ("CL Throughput (bp;). Ibtal",
fddilp2_total-bits / op-sim-ime 0);

/* Only one station needs to do this for the second ring(Ring W)/
if (!fddi2_-sink -scalar_.write)

/* set the scalar write flag ~
fddi2-Sinksczlarwrite = 1;

op-stat scalar-write ("Mean 1End-to-End Delay- I (see.. Priority I"
fddi2_sink-accum-dela)-a[O] / fddi2sinkjtov-dpkts,_A0]);

op..staz_scalar _write ("Mean End-to-End Delay-lI(so;.), Priority 2".
fddi2_sin..acum.delay..a[ I j / fddi2..sinktotal- oksa[ 1]);

op...stat_scalar-write ("Mean End-to-End Delay- I (sec.). Priority 3".
fddi2_sink-accmjlelaya[2!] / fddi2_sink-totalpkts.a1]);

op-.stat-scalar _write ("Memi End-to-End Delay-i1 (sec.). Priority 4".
fddi2...sink-accumi..delaya[3] / fddi2...sink-totalpks.a[31);

op-.stat-scalar-write ("Mcan End-to-End Dtlay- I (sec.), Priority 5".
fddi2_sink..accum_delav-a[4] / fddi2-inkotal.pkts.s[4]);

op-stat-scalar-write ("Mcan End-to-End Delay- I (sec.). Priority 6".
fddi2_sinkaccui..delay.a[51 / fddi2_.siak_totalpktsa[51);

op-stat-scalar-write ("Mcan End-to-End Delay- I (sec.), Priority 7".
fddi2_sink-accum...delay_-a[61 / fddi2..sink total..pkts.a[6]);

op..stat_scalar _wnite ("Mean End-to-End Delay- I (sec.), Priority 8".
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fddi2-sinkac4urn.delay..a[7] / fddi2...sinks.-otalpkts..af 7]);

op-statscaiar..write ("Mean End-to-End Delay- I (sec.). Asynchronous",
(fddi2-sink-accumn.delay - fddiZ_sink-accumdelay-a[8])
(fddi2-sinkjotal.pkts - fddi2_sink-toapkts..a[81));

1* (fddi2_sink-accum...delay-a[OI + fddi2_sink-acuum..delay-a[ I1] + *
/* fddi2_sink~accum.A- elay...a[21 + fddi2_sink_accumkdelay..a[3] + *
/* fddi2_sink-accum..delay-.a[4] + fddi2_sink_Acum elay.a[5] + *
1* fddi2_sinkaccumiLdelaya[6] + fddi2_sink-acctum...delay..a[7]) /*
1* (fddi2_sinkjotapktsa[OI + fddi2_sinkjotalpkts,..a[l] + *
/* fddi2_sink-ttaL-pkts-a[2l + fddi2_sink.totalpkts_,[3I + *
/* fddi2_sink_total.pts.a[41 + fddi2...sinkoa..pkts..a[5] + *
/* fddi2_sink_total...pktsa[6] + fddi2_sinkoal..pkts..a[71)); *

op-.stat~sc*Mar_write ("Mean End-to-End Delay- I (sec.), Synchronous",
fddi2_sink-acc'n..delay-.a[8] / fddi2...sink-total...pktsj4[8l);

op..stat..scalar..write ("Mean End-to-End Delay- I (see.), ibtal",
fddi2_sink.accut....delay / fddi2_sink-totalpkts);

op-stascaWa-write ("Throughput- I (bps), Priority I".
fddi2_sink-toal-bits_a[OJ / opsin-fime 0);

op-stat scalm_write ("Thiroughput- I (bps), Priority 2",
fddi2_sink_totalbits..a[ hI op..sim tijne0)

op-stat-scalar_write ("Throughput- I (bps), Priority 3".
fddi2_sink_total_bits-al2l / op-sim..time ());

op..stat-scalar-write- ("Throughput- I( bps). Priority 4",
fddi2..sink-total-bits-a[3] / op..sirn-tize ();

op-stat-scaar-.write ("Troughput- I (bps), Priority 5",
fddi2_sink-total_bits.a[4] / op...sinjime ());

op...stat-scalar-write ("Throughput. I (bps). Priority 6",
fddi2_sink-total_bits-a[5j / op..sim..time ());

op..stat-scalar -write (Throughput- I (bps). Priority 7".
fddi2- sink-total-bits-a[6] / op-simn.time 0));

op-.stat-scalar -write ('Throughput- I (bps), Priority 8",
fddi2_sink-totalbits,a17] / op...simjtime 0);

Op~a&_aJ~[_Wik("Throughput-i (bps), Asynchronow",
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(fddi2_sink_totaJ bits - fddi2_sink_totljits..a[8]) / op..simjtime )

1* (fddi2..sink _total_bits_a[O] + fddi2-...ink-total-bits-.a[ I] + *
/* fddi2_sink -total bits a[2] + fclci2 sink_totalbis.a[3] + *
/* fddi2_sink-total-bits.a[41 + fddi2 sink-total-bits..a[5] + *
/* fddi2_sink_totalbits af,15J + fddi2,._.sink_total_bits. a[7)) /I*
/* op-sun-time 0); */

op...stat_scalar_write ('Thiroughput-i (bps). Synchronous".
fddi2_sink-total-bits-.a[8] / op-.simjtime ());

op-.stat -scaiar-write ("Thxroughput- I (bps), Total",
fddi2..sinkjtotalbits / op...im time0;

op...statscaar..write ("Peak End-to-End Delay- I (Fec.), Priority 1",
fddi2_sink-.peak..deiayalO);

op-.stat~scalar-write ("Peak End-to-End Delay-I (sec.), Priority 2",
fddi2-sink.peak;delaya[ 11);

op..stat Iscalar-write ("Peak End-to-End Delay- I (sec.), Priority 3",
fddi2_.sink..peakdeay..a[2]);

op-stat Iscalw-rwrite ('Peak End-tu,-End Delay- I (sec.). Priority 4",
fddi2-sink-peak-delay.a[3]);

op-stat-scalar--write ("Peak End-to-End Delay- I (sec- ), Priority 5"
fddi2..sinkpeakdelay.a[41);

op...stat scalar wite ("Peak End-to-End Delay- I (sec.), Priority 6".
fddi2_siak.peak delaya[51);

op-stx_scalar-write ("Peak End-to-End Delay- I (sec.), Priority 7",
fddi2_sinkjxakdeaya[6j);

op..stat_scalar-write ("Peak End-to-End Delay-i I sec.), Priority 8",
fddi2..siakjpeak_.delay a[,/I).

op-.stat-scalar -write ("Peak End-to-End Delay- I (sec.), Synchronous",
fddi2.sinkpeak.~delaya[8]);

op-stat-scalar_write ("Peak End-to-End Delay-l (I c) Overall".
fddi2-sink.peak.delay);
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/* Write the TTRT value for ring 0. This preserves*/
/ the old behavior for single-ring simulations.*/
op-statscalarwrite ("TTRT (sec.) - Ring 1",

fdditopr [I]);

/* 12JAN94: obtain offered load information from the Environment */
/" file; this will be used to provide abscissa information that */
/* can be plotted in the Analysis Editor (see "fddi sink" STATS */
1" state. To the user: it's your job to keep these current in */
/P the Environment File. -NiY */
op-ima sim ara'_get (OPCIMA DOUBLE, "otalfferedload I", &OfferedLoad);

op-imasim-atr.get (OPCIMA-DOUBLE, "asynch offeredjload_l", &Asynch _Of-
feredLoad);

/* 12JAN94: write the total offered load for this run */
opstat.scalarwrite ("Total Offered Loa,-1 (Mbps)",
OfftredLoad);

op-statscalarwrite ("Asynchronous Offered Load-I (Mbps)",
AsynchOfferedLoad),
}

}

/** blocking after enter executives of unforced state. **/
FSM_EXIT (3,sp-fddi-sink)

/** state (STATS) exit executives **/
FSM-STATEJEXIT-UNFORCED (1, stote!_exitexec, "STATS")

I

/** state (STATS) transsitiou processing */
FSM_TRANSITMISSING ("STATS")
/* .------------ -----

/** state (INIT) enter executives */
FSMSTATEENTERFORCED (2. state2__enter-exec, "INIT')

I
/I get tho gsiiandles of the global statistic to be obtained */
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1* 20JAN94: set array format */

thu2-gshandie-a[0I = op-stat...gnbalryeg ("pri 1 throughput- I (bps)");
thn12gshandle -a[I I = oo-statgilobaLreg ("pri 2 throughput- I (bps)");
thru2gshandlea[2] = opstatgloaL-reg ("pri 3 throughput- I (bps)");
thru2...gshandie a[3] = op-.sta-giobal re ("pri 4 throughput-i (bps)").
thru2_.gshandle..a[4] = op-stat.,.global-reg ("pri 5 throughput-i (bps)');
thru2-gshandle..a[5) = op...stat....lobaLreg ("pri 6 throughpi -1I (bps)");
thru2...gshande-a[6] = opsttS.lobal-reg ("pri 7 throughpii -I (bps)");
thu2..gshandie -a[7] = opstat..globalrjep ("pri 8 throughpi - (bps)");

thru2.gshandie..a[8j = op. ..statS.lobal-reg ("synch throughput- i p))
thru2-gshandle-a[9l = op-stat-globai-reg ("async throughput- I( bps)");
thru2..gshandle = op-stat-I.lobalreg ("total throughput- I (bps)"),

m2_deiay-gshandle-a[0] = op-stat-global-reg ("pri I mean delay- I (sec.)");
m2_d ay...gshandle_a[I I = op-sta' global-reg ("pri 2 mean delay- I (sec.)")-
m2.Aeay..gshandle-a[2] = op _uat..global-reg ("pri 3 mean delay- I (sec.)"):
m2..delay-gshandke a[3] = op-stat..giobal reg ("pri 4 mean delay- I (sec.)"',
m2Aeay..gshande .a[4] = opsttglobal-reg ("pri 5 mean delay- I (sec.)");
m2_.delaygshandle.a[51 = op...stat-globa-reg ("pri 6 mean delay-i 1(sec.)");
m2__delay...gshandle..a[6] = op-stat...global-reg ("pri 7 mean delay- I (sec.)");
m2_delay..gshandle__a[7J = op-stat..global-reg ("pri 8 mean delay- I (sec.)");
m2_delay..gsbandle -a[8] = op..stat-S.lobal-reg ("synch mean delay- I (sec.)");
m2_delay-gshandle a[91 = op..stat...global-reg ("async mean delay- I (sec.)");
m2_delay-.gshandle =op-stat..,global recg ("total mean delay-i (I c))

ete2_delay...gshandle-a[O] opstat..giobal-reg ("pri 1 end, to-end delay- I (sec.)");
ete2_delay..gs aeai -op-r. o reg ("pri 2 end-to-end delay- I (sec.)");

ete2dely..gshandleal i2 1 op-.stat...gobalre "r n-oen ea- sc))
ete2..Aelay..gshandle .43] op-statglobalreg ("pri 4 end-to-end delay- I (sec.)");
ete2_delay-gshandle.d141 op-tat-gobal-reg ("pri 4 end-to-end delay- I (sec.)");
ete2_&elay-.gshandleae[4) opstat..global_%jg ("pri 6 end-to-end delay- I (sec.)").
ete2_le -lay-.gs handle -a[5] op-.stat4.lobal..reg ("pri 6 v'nd-to-end delay-* I (sec.)");
ete2_delay...gshandleat[6 op-.stat....gobal-reg ("pri 8 cnd-to-end delay.-I (sec.)");
ete2_delay..gshandle..aj1 op..stat-global-reg ("synch end-to-end delay- I (sec.)");
ete2_delay...ghndl [ = op...statobi.reg ("synh end-to-end delay- I (sec.)");

t2-dygshand0 opstat.gobareg (" 1 L thr-oghpu (bpy- s")");

12_.gshandle a[1 op..stat..globalryeg C"pri 2 CL throughput (bps)");
t2_gshande..a[2 I op..statgobal reg(pi3C hogpt(p))

t2...gshandle...a[- = p.sa..,lbl ("pri 4 CL throughput (bps)");
t2...gshandle.a[4] op-.stat..global reg ("pri 3 CL throughput (bps)");
t2.gshande..a[5] . op..-stat...globaI reg ("pri 6 CL thoughput (bps)"),
t2gshandlea[6] op-stat..global-reg ("pri 7 CL throughput (bps)");

t2...gshandlea[71 op-statgoba.-reg ("pri 7 CL throughput (bps)");

t2_p.ghandle-a[8] = op-Gtat-global-reg ("synch CL throughput (bps)");
t.2..gshfindle.a[9] = op..statglobal-.reg ("async C1. throughput (bpi)");
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t2.gshaudle = op-stat..global-reg ("total CL throughput (bps)");

/~state k[Nf) exit executives ""
FSM_STATEfY .''-FORCED (2, state2...exi-exec, "IW[r)

/*state (JNIT) trancvtion processing /

FSMINECOND (EFNDOFSIM)
FSM -DFLT_COND
FSMTSLOGIC (II"

FSMJTRANSrT_SWITCH

FSM_.CASE..TRANSIT (0, 1, sae I enterexec,;
FSM_CASIE_TRANSIT (1, 0, stateO enter xec,;

/*-------------------------- --------------

FSM..,XI (2,sp._fddi sink)

void
spjfddi_sink_svar (prs-ptr.varjiane.varj-ppt

sp~ddisik..state*prs nr
ch. *vatn&rne, **vagp-ptr
I

FIN (sp-Mfdi-sink-svar (prs-ptr))

*v~-p~tr= VOSNIL;
if (Vos-Sring-Equal ("thru2..gshandle" , vmiiname))

*vpptr =char *) (&prs..ptr->sv thru2_gshandle),
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if VoSSring..Equal ("lm2...delay-gshandle" .var-name))
*varp-pt = (char *) (&prs...ptr->sv-m2-.delay-gshandle);

if (Vos..StringFqual ("ete2 delay..sade Pva.-nme))

*varp-pt = (char *) (&psptr->sv ete2.Aelay..gshandle);
if (Vos-Sting-Equal ("thu2-gshandle a" , var-rname))

*varp-pt~ = (char *) (prs-ptr->sv Lbru2_.gsanlea);
if (Vos_.StrinEqual ("m2-delay-.gshandle -a" , var..name))

*varpptr = (char *) (prs-ptr->sv-rm2_delay-.gshandle -a);
if (Vos.String_~Equal ("eteZ-delay-gshandle a" , varjiame))

*va-p-tr= (char *) (prs-ptr->sv _ete2_-delay..gshandle _a);
if (Vos-String.Equal (t2-gshandle", var name))

*ver-p-pt = (char *) (&prs-ptr->sv-t2-gshandle),
if (Vos String-Equal ("t2..gshandie a" , var -name))

*vap-ptr (char *) (prspt->sv..2...gshandle a);
if (VsSting-Equal ("my-id" , varjiname))

*vrppt- = (char *) (&prs-.ptr->sv_myjid);

FOLM,

void
sp-fddi -sink-diag0

I
double delay, creattixne;
Packet*pkptr;
Packet*ppp-pkpt7;
Packet* pkptrl ; /*5APR94*/
int src-akr, myaddr;
int dest-addr,/* 14APR94*/
Ici* frz-aclip
double fddicsinkttrt;
char pkformat.l0l;
int input-Streamh
int fdjndex, F'DDI-frame size;

FIN (sp-.fddi-sink-diag 0

FOLM.
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void
spjfddi-sink-terminate0

I
double delay, creattime;
Packet*pkptr;
Packet*ppp.pkptr.
Packet* pkptrl ; /*5MPR94*/
int src-addr, myaddr;
imt destaddr/* 14M)JR94*/
Ici* from-macjiciptr;
double fddi_sinkjr;
char pkformat[IO];
int inpuLstream;
imt fd-jndex, FDDI-frame-size;

FIN (sp-fddi-sinkjerminate 0

FQUT

Commoade
spj.ddi-sink-init (pr...state...pptr)

spjfddi Sink~state**prstae..pptr;
I
static VosT_-Cm.Obtypeobtype = OPQ-NIL;

FIN (sp fddi-sink mnit (prstate..pptr))

if (obtype = OPCNIL)
I
if (Vos-jatmem-Register ("proc state vars (sp-fddisink)",

sizeof (spjfddi-sinkstate). Vos-Nop, &obtype) =-- VOSCFAELURE)
FRET (OPC-COMPCODEQ.FAILURE)

if ((*prstate..pptr = (sp-fdd-sink-stae*) Nbs-CaunemAlloc (obtype. 1)) ==OPCJ4I1L)

FRET (OW_-COMPCODELFAILUJRE)
else

(*pr _statepptr)->currnmblock = 4;
FREI (OPCCOMPCODESUCCESS)
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APPENDIX F

ENVIRONMENT FILE EXAMPLE
"6run4.ef"

# cdl4jIbjamO.ef
# sample simulation configuration file for
# two interconnected 10 station network in the
# existence of pulsed jammer interference (137.088 Mbps channel hierarchy)
# with circular allocation load balancing algorithm

#*** Attributes related to loading used by "fddi-gen" *

# station addresses
*rmigofOjmacstation-address: 0
"'.ringO.fl.rnac.station-address: 1
*.ringO~mcstationaddress: 2
*.ringo.f3mac~station address: 3
*.ringOf4.macstation-addr --s: 4
*.ringO.f5mac.station-address: 5
*.ringOfMmacstton-address: 6
*.rffluO.Mmacstatoladdress: 7
*.ringOfMmacstation-address: 8
*.ring(JfRmacstation~address: 9

*.ring l.mamc.station-address: 10
*.ring Lf l.ma.station-addre-ss: 11
*.ringl f2.ma.station-address: 12
*.ring 1 .f3.mac.station-address: 13
*.ringI.f4.ma.station-address: 14
*.ring 1 .f5.mac.station-.address: 15
* .ringl1f6.mac.station-address: 16
*.rinjg I.M7ma.stton-address: 17
*.ringl.18.mac.station-address: 18
* .ring1. f9.mac.station_address: 19

* .ringO.*.mac.ringjid :0
*.ringl .*.mac.ringjid :1

# Specific stations may be tailored by specifying the full name:
# for example, top.ring0.f 19.llc-src.asyncjiux : .5
# This means all stations must be specified, or individuals
# may be named after the generic is specified.
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# destination addresses for random message generation
#"*.*.Uc src.low dest address": 9
#"*.*.Uc-src.high dest address" . 9
#"top.ring0.fO.l1c src.low dest address"
#" top.ring0.fO.lIc src.high dest address"

"*.ringo.*.llcsrc.low dest address": 10
"*ringO.*.lcsrc.high dest address": 19

A*.ingl.*Jlc__src.low dest address": 0
"*.ringl.*.llc-src.high dest address": 19

# range of priority values that can be assigned to packets; FDDI
# standards allow for 8 priorities of asynchronous traffic. MIL3's
# original model is modified to allow each station to generate multiple
# priorities, within a specified range.

"4* *"**Uc_src.high pkt priority": 7
U*c.lcsrc.low pkt priority" : 0

# arrival rate(frames/see), and message size (bits) for random message
# generation at each station on the ring.

Arrival rate'' : 250
"*.*.*.mean pk length" : 20000
#"ringo.f9.*.arriva rate": 0
#"ringo.f9.*.mean pk length": 0
#"ringl.f9.*.arrival rate": 0
#"ringL f9.*.mean pk length": 0

# 7APR94 - S.Karayakaylar
# determine which load balancing algorithm is in ase in the
# local bridge station (linking node).
# User should specify the algorithm before simulation.

# 0 (zero) ---- > circular load balancing algorithm (default)
#1 (one) ---- > empty allocation algorithm

"top.ring0..Uc__sink.load balancing algorithm":Q

# 15JUN94 -Ike
# determine rate at which link monitoring packets will be sent (secs/pkt)
# and size of pkt (bits)
"top.ring0.9.Uc sink.link_monitor transjrate":0.000729
"top.ringO.f9.llc sink.monitoring pkt size":5000
# I % overhead

# 26JUL94 - Ike
# attributes related to link monitoring and LQR's
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# LQR transmission delta - the change in the ratio of
# (bad packets/total pkts in history) when an LQR will be transmitted
# ex: .1 means that an LQR will be sent when the ratio changes by 10%
# hysteresis thresholds determine when to declare a change in the link status
#these also are based on the ratio of bad packets/total pkts in history
# history length is the size of the linked list which holds the number of errors
#in the last x monituoing packets
"**f9.*.LQR transmission delta":0.099
"*.*.f9.*.upper hysteresis threshold":0.5
"*.*.19.*Iower hysteresis threshold":0.3
"*.*.9,*.history length":50

"top.ring l.f9.*.ecc threshold":0.005
#18AUG94 - Ike
#allow xmission rates to be set at eav. file The corresponding xintr/rcvr
#rates should be the same. (bits/see)
"ringO.D.ptj [0].data rate": 1530000
"ring 1.f9.pr_ [0].data rate,":1530000
"ring0.Dpt 2[0].data rate". 3060000
"ring L.f.pr 2[0].data rate": 0060000
"ring0.f9.pt_3[0].data rate": 21420000
"ring I..pr._3[0].data rate": 21420000
"ringO.f9.pt.4[0I.data rate": 42840000
"ring 1.19.pr_4[0].data rate": 42840000

# 15APR94 :determine the station address of the bridge node in
# both rings.
"top.ringO.f9.llc-sink, stationaddress":9
"top.ringl .19.lcsink.station_address": 19

# 12DEC93: total offered load is the sum of all stations' loads (Mbps).
# Compute this by hand; this value is useful for generating
# scalar plots where offered load is the abscissa.
totalofferedload_0: 0.18
asynch~offered_load_0: 0.162
total-offered_load_ : 0.18
asynch offeredload_l : 0.162

# set the proportion of asynchronous traffic
# a value of 1.0 indicates all asynchronous traffic
".*.*.asy1Ic_nmix" : 0.9

#"top.ringO.f9.Icsrc.async _mix": 1

#*** Ring configuration attributes used by 'fddimac"

# allocate percentage of synchronous bandwidth to each station
# this value should not exceed I for all stations combined: OPNET does not
# enforce this; 01FE694: this must be less than 1; see equation below
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"*.*.mac.sync bandwidth": 0.08955675

#"top.ringO.f9.mac.sync bandwidth": 0.0

# Target Token Rotation Time (one half of maximum synchronous response time)
# (This is commented out for compatibility with the fddi-script, which
# sets TReq on the simulation command line; remove the comment pound-sign
# below to make this environment file self-sufficient.)

# SUM(SAi) + DMax + FMax + TokenTime <= TrRT
# Powers gives TrRT = 10 ms as necessary for voice transmission; in "BONeS",
# D_Max + F_Max + TokenTime = 1.97388 ms.
"*.*.mac.T_Req" :.004

# Index of the station which initially launches the token
# 17APR94 : -Karayakaylar
# This index should be greater than the maximum station number
# Bridge stations spawns token for interconnected simulation by default.
"spawn station":20

# Delay incurred by packets as they traverse a station's ring interface
# see Powers, p. 351 for a discussion of this (Powers gives lusec,
# but 60.0e-08 agrees with Dykeman & Bux)
stationjlatency:60.0e-08

# Propagation Delay separating stations on the ring.
# If propagation delay is 5.085 microsec/kn, this corresponds to
# to a 50 station ring with a circumference of 50 km.
# (The value given for propagation delay corresponds to Powers, i.-Id to
# Dykemnan & Bux)
prop-delay:5.085e-06

# CDL link related attributes -Karayakayla 7APR94.
# The attributes below are specified with respect to the jammer type
4 There are two types of jamming models which the CDL is exposed to.

# (1) Pulsed jammer (jammer-type = 0)
#(2) Channel-swept jammer jamm, rtype = 1)

# NOTE:For pulsed jammer init.jamoffset may be zero, whereas a proper
# offset should be specified for channel-swvept jammer.
#jamjlength, jamnjer, intervalbet.jam len, berbetjamlen are maximum
# values in the case of pulsed jammer since they are randomized in the
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# error allocation pipeline stage.
# For channel-swept jamnmer only jam-.ber and ber-betjamjlen attributes are
# maximium values to be randomized.
# return liaklIs_OtolIs_3
$ command link is_4
* .ls-0.jani length: 0.05
* .Ils..1.jamJength: 0.02
* .ls..2.jam-length: 0.01
* .Is- 3.jam-length: 0.09
* .ls_4.jam length: 0.05
* .ls....jam-ber: 2e-3
* .lsj .jamiber: 2e-3
*1Is2jara~er 2e-3
*.ls_3.jam_ber: 2e-3
* .is..A.jamber: 0.0
*15s_intral bet~jamjlen: 0.03
*lIs_lintervaLbetjamjlen: 0.03
*jIs_2.intervalbetjam-len: 0.03
*lIs_3intervalbeUjalen: 0.03
*ls4intvlbetjjen: 0.03
*JIs_0.ber-betjamijen: 2e-6
*I.s_I .ber_betjaxnjen: 2e-6
*Ils_-2.ber_betjamjen: 2e-6
*.ls_3.ber-het~am_len: 2e-6
*.ls_4.ber_betjamjIen: 0.0
*lis_0.initJam offset- 0.0
*Isl-Iinitja_offset: 0.0
*Ils_-2.init..jain_offset: 0.0
*,ls - 3.initjam_offset: 0.0
*Js_4inijai_offset: 0.0
*.ls_0.jammer _type: I
*Js - jame ype: 1
*lIs_2.jainier.type: 1
* As_3.jamnicr..type: I
*J.sAjamxner type: 0

# Return and command link propagation delays are specified as 60 msec.
*Is -Odelay: 0.06
*lsj.delay: 0.06
*Js-2.delay: 0.06
*Js-3delay: 0.06
*.ls_4.delay: 0.06

#*** Simulation related attributes

# Token Acceleration Mechanism enabling flag.

# it is reccomended that this mechanism be enabled for most sitaiations
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# 16APR94 : for bridged fddicdl_interconnection network this flag
# must be zero. Otherwise, program fault occurs. -Karayakaylar
# error documented on MIL3 bbs - Ike
acceleratetoken:0

# Run control attributes
seed: 10
#duration: 10.001
verbosesim:TRUE
updmt:. I
#osfile:

# (This is commented out for compatibility with the fddi-script, which
# sets the output vector file on the simulation command line; remove the
# comment pound-sign below to make this environment flWe self-sufficient.)
#ov_file:

# Opnet Debugger (odb) enabling attribute
debug:FALSE
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APPENDIX G

OPNET C-SHELL SCRIPT FILE EXAMPLE
"6opnet-script"

#W /bin/csh -f
setenv debug FALSE
cd $HQNMop_,models/cdl

fddi-cdl.sim -ov-file tester81 -ef runi I
-probe fddicdlprobe..special -duration 10.001

fddi-cdl.sim -ov-file tester82 -ef run2 \
-probe fddi-cdijrobe-special -duration 10.001

fddi-cdl.sim -ov-file tester8_3 -ef run3 \
-probe fddi_ dtlprobe-special -duration 10.001

fddi-cdl .sim -ov-file tester8_4 -efA run4 \
-probe fddi-cd&probe..special -duration 10.001
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APPENDIX H

TCP RING 0 LLCSRC MODULE CODE
"cpfddi_gen~jcp.prc"

/* Process model C form file: cpjfddi-gentcp.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>
#include "cp-fddi-gentcp.pr.h"
FS M_EXT_DECS

/* Header block */
#define MACLAYFR-0T TSTREAM 0
#define LLCSINK_OUT_STREAM 1/* 18APR94*/

#define RECEIVERINSTREAM 0
#define IPINSTREAM I

/* define possible service classes for frames */
#define FDDISVCASYNCO
#define FDDISVCSYNC 1

/"- define token classes */
#define FDDITKNONRESTRICTED 0
#define FDDI_TKRESTRICTED I

/*ADDIONS AFTER HERE 10SEP94 */

/* this can be used if checking to ensure incoming IP dgrams */
#define NETPROTIP Ox0800

/* State variable definitions */
tvMef stm
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FSMSYSSTATE
Objid sv-mac-objid;
Objid sv~....nd;
int sv-station rddr;
int sv-srcaddr;
double sv-arrival rate;
double sv..meanpkl-en:
double sv-async, .mix;
Ici* sv-macjciptr 1;
Ici* sv-ic-icipir;
Packet* sv~pkptrl;
) cpjfddigen-tcp-state;

#define pr-statc-ptr ((c-p...fddi-gen-tcp-.state*) SinIlModStatePtr)
#define mac-objid prstate-ptr->sv-mac.-objid
#define my-id prstate -ptr->sv my-id
#define station-addr pr-stace-pt->sv-statioanaddr
#define src-addr pr-state-ptr->sv-src-addr
#define arrival-rate prstateptr->sv-ariva_rate
#dlefine rneapkjlen pr-state-pti->sv-,mean-pk-len
#define async-mix pr-stte-p-> async-rux
Odefine macjiciptrl pr..state-ptx->sv,racj-ciptr 1
#define U,-, i cintr pr statejn->sv 11c icipte
#define picptrlI pr-.state-.ptr->svpkptrl

/* Process maodel interrupt handling pr-ocedure *

void
cp-fddi-gen-tcp (

Packet *pIkpt. *ppp..pkptr. *ijppkptr. "rnac-frameptr
int pk~en;
int dest-addr;
int i, restricted;
int ppp.-pid-b, ppp-pidj1;
int status;
double creation-time;
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Ici *ip-iciptr;

FSM__ENTER (cp-fdd:-gentcp)

FSMBLOCKSWITCH

1*----------------------------------------*1-
/** state (INIT) enter executives; **/
FSMSTATEETER_UNFORCED (0, state0_enter_exec, "INIT")

{
,/* determine id of own processor to use in finding attrs */
my-id = opjd-seLf 0;

/* determine object id of connected 'mac' layer process */
mac._objid = op-topo assoc (mylid, OPC._TOPOASSOC_OUT,

OPCOBJMTYPE MODULE, MACLAYEROUT _SIREAM);

/* determine the address a-signed to it */
/* which is also the address of this station */
op-ima~obj-attr.get (mac objid, "stationaddress", &station addr);

/* set up an interface control information (ICI) structure */
/* to communicate parameters to the mac layer process */
/* (it is more efficicnt to set one up now and keep it */
/* as a state variable than to allocate one on each packet xfer) */
maciciptrl = op iciscreate ("fddi-mac-req_tcp");

llc_iciptr = opjici_create ("fddimacind-tcp");

/** blocking afte; enter executives of unforced state. /
FSMEYiT (l,cp-fddi-gev tcp)

/** state (NIT) exit executives **/

FSMSTATE EXITUNFORCED (0. state0_exitexec, "INIT')

/** state (1N14) transition processing */
FS M_TRANSIT_FORCE (1, state 1.enter.exec,;)
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/** state (ARRIVAL) enter executives * */
FSM.STATE_ENTERUNFORCED (1, statel_enterexec, "ARRIVAL")

I
/* This station sbould receive frames from the other Ian as long as *1
/* there are frames in the input streams addressed to this Ian */
/*check if the interrupt type is stream interrupt *11* 12AFR94*/
if((op-intrpt-type0 =-- OPCINTRPTSTRM) && (op-intrpt-strm0

RECEIVERIN_STREAM))
I
/* if it is, get the packet in the input stream causing interrupt */
ppp-pkprr = oppk-get(op-intrpt-strmo);
op-pkjifd__get (ppp.pkpty "pid_.h",&ppp-pid-h);
switch (ppp._pidh)

I
case OxOO: /* data fi ame */

op.pkrfd__get (ppp-pkptr, "FDDI frame", &pkprrl);
op-pk-destroy (ppp-pkptr);
/ 11SEP94 get ICI associated with FDDI LLC frame */

llc_iciptr = op-pkjciget (pkpirl).

/* get the destination address of the frame */
/* 16APR94 */
op-ici-attrgcet(Uc-iciptr, "dest addr", &destaddr);
/* check if this frame destined for the local bridge station */
if(destaddr == station addr)

I
/* if it is, send the packet to Ucsink directly */
/* in order to prevent overhead of niac access */
op ici install (Ulciciptr).

op.pk-send(pk-pa 1 LLC_SINKO JLSTREAM);/* 19APR94*/

else
/* this pecket is to bt sen to MAC */

I
/* determine the source address of the frame 0/
opici_attr.get(llciciptr, "src-addr". &src-addr);
/* set up an ICI structure to communicate parameters to */
/* MAC layer process (initializd in INIT state)*/
/* place the original source address into the ICI *//* 16APR94 */
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* "fddi-mac.req" is modified so that it contais the original */
/* source address from the remote lan */
op-ici attr set(mac-iciptrl, "src addr", srcaddr);
/* olace the destination address into the ICI *//* 12APR94*/
op-ici-attrset(macjiciptr 1, "dest_addr", dest_addr);
/* ass:gn the service class and requested token class */
/* At this moment the frames coming from the remote lan are assumed to have*/
/* the same priority as synchronous frames in order not to accumulate */
/* packets on the bridge station mac and instead to deliver their destinations */
/* as socn as possible */
/* 10SEP94: I don't know why Selcuk did this, so I'll leave the values */
/* but chaige to conform with the new packet/CI formats */
op_iciattr set(macjiciptr 1, "svccla-s", FDDI SVCSYNC);
opjici-attrsct(macjiciptr 1, "pri", 8);
opjici attrset(maciciptrl, "tk-class", FDDITKNONRESTRICTED);
op-ici attr_.get(maciciptrl, "cr_.time", &creationime);
op-ici-attr-set(mac-iciptrl, "cr-time", creationtime);
/* send the packet coupled with the ICI *1
op-ici-install(maacjciptr 1);
oppksend(pkptrl, MAC_LAYER_OUT_STREAM);

break;

case OxcO: /* ppp control packet - either LQR or monitoring pkt*/
/* Since the command link is deemed unjammable, this should */
/* only be for LQR's. Simply delete them for now urtil a*/
/* policy is dete rmined on how tc handle the LQR's.*/

op-pknfd__get (ppp.,pkptr, "LQRjinfo", &status);
printf ("LQR reeived at cp ")

swicch (status)
I
case 0: printf ("status GOOD trend DOWNn");
case 1: printf ("status GOOD trend UMa");
case 2: printf ("status BAD trend DOWNW');
case 3: puintf ("status BAD trend UT' n");
}

op-pk-.destroy (ppp.pkprr);
break;

default:
printf ("ERROR: packet rcvd at cp. neither data nor contron");
break;

}/* end switch */
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I1/* end if (opjintrpt-typeQ=OPCIPrLSTRM) && *
1* (opjrnrpt-.stim( = RECEIVERIN_STRM))*/

/* otherwise, it's an IP dgrani. Find destination and send *
P* ALL PAST THIS POINT edited I11SEP94 */
else if ((op- Jntrpt-ypeo=-OPCINFRPT_-STRM) && (op jntrpt.strm()=

IPINSTREAM))
I
/* get IF dgram and associated ICI *
ip...pkptr = op..pk-get (op-intrpt.strmO);
ipjiciptr = opjinhptjcio;

I* put IF dgram in FDDI LLC frame ~
pkptr = oppkcereate_fnn ("fddicr-tcp");
/* Further explanations of this format is in "llc_src_fddi-tcp" ARRIVAL state*/
op...pk~ifd.~se (pkptr, "datagram".ip.pkptr);

op-jciattr..get (ip-iciptr, "dest addr", &destaddr);
ifdest.addr > 9)

/* if it is, this packet is to be sent llc-sink directly/
/* for xmsn to the remote LAN. The LLC frame must be*/
P* alw have an ICI, as if the frame was coming from the MAC*/
op_.ici-attr-sset (ijiptr, "dest-addr", dest..addr);
opjci-attrset (llcjiciptr, "srcaddr", station-addr);
opjiciattr-set (ie iciptr. "pri", 0);
opjci-ar.set (lcjciptr, "crtime", op-simimeo);

P* install LLC ICI and send frame to LLC sink *
op-icijinstall (llc-iciptr);
op-pksend (llcjiciptr, IL(USINKOUJT_,STREAM); /* 18APR94"',

else
P* if not, the packet is destined for local Ian, so send LLC*/
/* frame to MAC *
I
/* set up an ICI structure to communicate parameters to ~
P~ MAC layer process (initialized in [NIT state)I*f
P* place the this station's address into the TCO *//* 16APR94 *
op~ici..aturset(macjiciptr I, "src..addr". station-addr),
1P place tihe destination address into the ICI */ /* 1 ZAPR94*/
op-iciattr-set(macjiciptr I, "dest addr", dest-addr);
P~ assign the service class and ttoken riass LAW RFC !30-0*I
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op-ici-attir-s:(macjciptrl, "svc-lass", F'DDI_SVC_ASYNC);
op ici attrset(mac iciptr 1" "'" 0);
op-ici attr-set(macliciptrl, "tklass", FDDU-TKNONRESTRCTED);
op-pk.nfd..get (pkptrl, "crj-ime", &creationtime);
op-ici attrset(mac-iciptr1, "crjime", creation-ime);

1* send the packet coupled with the ICI *
opicijnsta.l(macj--ciptr 1);
op-pk.send (pkptr. MACLAYER_-OLt-i STREAM);

/"' end else (if((opjintxpt-type() = OPCRiTRPTSTRM) && *
I*(opijntrptst-m( = IIINSTREAK)*

/*blocking after enter executives of unforced state. ~
FS~tMJ3 (3,cpjddi__gen tcp)

/* state (ARRIVAL) exit executives ""
FSMSTATEEXITUNFORCED (1, statel-exit-exec, "ARRIVAL")

f~state (ARRIVAL) transition processing ""
FSMTRANSIT-FORCE (0. state I-enter-exer-,)
/* ------------------------------------- ------

FSM EXIT (O,cpjfddi..gen-.tcp)
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void
cpfddi-gen-tcp-svar (pr sptryvar-amevar.p.ptr)

cp-fddi-gentcp-state*prs-ptr;
char *var-name, **varp-ptr

FIN (cpjfddi-.gentcp-svar (prs-ptr))

*va-p-tr= VOSNIL;
if (Vos..String-.Equal (-'mac..objid" , varjiname))

*va~p~tr= (char *) (&prs~.ptr->svjnacobjid);
if (Vos-String-Equal ("my-id" , varjiname))

*var-j-ptr = (char *) (&prs-ptr->sv- -my- d);
if (VosStringEqual ("station add?' , varjiname))

*va-p-tr= (char *) (&prs-ptr->sv-station -addr);
if (VosString...qual ("srcaddr" . vat..naxne))

*varj)Jfli. = (char *) (&prs-ptr-x~v_src-addr);
if (Vos String-Equal ("arrival-rate", varjiane))

*var-p-pt' = (char *) (&prs-ptr->sv-arrivalrate);
if (Vos String-Equal ("mean...pkjlen", var-na me))

*varpptr = (char *) (&prs..ptr->sv meanpkjecn);
if (Vos-String-Equal ('async-nix", var..name))

*var-ppt. = (char *) (&prs-ptr->svasyncjn-ix);
if (Vos-Sting_.Equal ("mac-jciptrl", variname))

*var-ppt. = (char *) (&prs..ptr->sv-macjiciptr I);
if (Vos_-Suing-Equal ("llc -ciptr" , var -namne))

*var-p-pt = (char *) (&prs-ptr->-w Lic-icipir),
if (VosStringEqual ("pkptrl " , vatrname))

*varpptr = (char *) (&prs-ptr->sv-pkptr 1);

FOUTL

void
cp-,fddi-gen-cp-diag (

Packet *pIkptr, *ppp-pkptr, *jp-pkpn-, *macfrmeptr;
int pklen;
int dest-addr;
int i. restricted;
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int ppp~pidji. ppp-pidj1;
int status;
double creation rie;

FIN (cpjfddignjp diag 0)

FOUT,

vuid
cpjddi-gen.scp-terminateQ

I
Packet *pkptr, *ppp. pkpt, -'in k-ptr *macfraep

int pklen;
int dest-addr;
int i, restricted;
irn ppp-pid-b, ppp-pidj;
imt =ttus;
double creationtime:
Ici *jpj-cptr;

JJIN (Cr'_ida; gen- tcp_.rruinaate 0

FO'UT;,

I

Compcode.
cp-fddi-gcnjtcp-init (pr..state~..pptr)

cp-ddi-gejcp-ate* *prr.sate pptr

staiic VosT_m_0btypeobxype = OFC-NIL,

FIN (cp-fddi zigen .jn (u prstatept)

if (Ghtvn,- - OW,_Nil .)
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if (VosCatniem-flegister ("proc state vars (cp-jddi-genjtcp)".
sizeof (cpjfdd gentscp..state), Vos Nop, &obtype) ==VOSCFAILUJRE)
FIREF (OPC-COMPCODE_FAILURE)

if ((*pr -state-pptr = (cp fddignc stae* ~CatnemA oc (obype, 1)) ==OPC NIL)

FRET (OP(>COMPCODEFAIILURE)
else

I
(*pr-sttptr)>curr.ent-block = 0;
FRET (OPCSWOMCODESUCCESS)
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APPENDIX I

TCP RING 0 LLCSINK MODULE CODE
"cpjfddi sinktcp.proc"

/* Process model C form file: cp-fddi-sink.stp.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system defin;dons */
#include <opnet.h>
#include "cpjfddi sir, k_tcp.pr.h"
FSM_EXKT_DECS

/* Header block */
/* Globals */
/* array format installed 20JAN94; positions 0-7 represent the asyncb priority levels, PRIORITIES
+1 */
/* represents synch traffic, and grand totals are as given in the original. */

#define PRIORITIES 8/* 20JAN941 */
#define XMIT'EP, ONE 0 /* 1OMAY94*/
#define XMrlE'R_TWO 1
#define XMITTERTUREF, 2
#define XMITDTR_FOUR 3
#define II[_OUTSTRMw1 4/* 11lSEP94*/

static /* 05FEB94 */
double fddisinkarcumdelay = 0.0;
static /* 05FEB94 */
double fddisinkaccu.deiay.,a[PRIORITES + I] i 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.9,
0.0);
static /* 05FEB9A */
int fddisink_total pkts = 0;
static /* 05FEB94 */
int fddisink._totalpkts a[PRIOPTIFS + 1] = 10, 0. 0, 0, 0, 0, 0, 0, 0);
sta /" '. r -/
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double fddi sinkjtotalbits = 0.0;
static /* 05FEB94 *
double fddisink_total_.bits-a[PRIORrlIES + 1] = (0.0, 0.0, 0.0, 0.0, 0.0. 0.0, 0.0, 0.0,
0.0);
static /* 05FEB94 */
double fddi sinkpeak delay = 0.0;
static /* 05FEB94 */
double fddi sink__peak-delay-a[PRIORITIFS + 2] = 10.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.01;
static I1 05FEB94 */
int fddi sink scalarwrite = 0;
static /* 05FEB94 */
int priset = 20; /* 20JAN94 *1
static
int subqjndex = 0; /* 5APR94 */
static
double buffer[4]= 10.0,0.0,0.0,0.0); /* IOMAY94*/

/* statistics used for CDL throughput */
static /* 20APR94 */
int fddilpl-.otalpkts = 0;
static
int fddilpl_total_pkts_a[PRIORITIES + 1] = (0, 0, 0, 0, 0, 0, 0, 0, 0);
static
double fddilpl .otal_bits = 0.0;
static
double fddilpl-total-bits a[PRIORITIES + 1] = {0.0, 0.0, 0.0, 0.0, 0.0, 0.0. C.0, 0.0, 0.0);

/* Faternally defined globals. */
exten double fddiLopr l;

/* 12JAN94:atributes from the Environment file */

double OfferedLoad; /* 12JAN94 */
double AsynchOfferd1Load* I 17JAN94 */

/w transition expressions */
#define ENDOFSIM op-intTrttypeO = OPC INTRPTENDSIM

/* get picture of jamrning. this variable allows anyone who*/
/* is writing to the global statistic to ensure it has */
/* been initialized. 20AUG94*/
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imt jammer-stats-imr=-OPCFALSE;
Gshandle linkgshandle[41;

/* State variable defntions ~
typedef struct

FSMS.YSSTE
Gshandle sv-thu-gshandle;
Gshanfdle sv-in-delaygshaudle;
Gshandle sv_ete,_Oelaygshandle;
Gshande svtlru.gshandleal 103;
Gskwiiile sv-m-delay..gshandle.iI 10];
Gshanie sv_etez-delay-gshandle.a[9);
Gshandle sv-j-sAntile;
Gshandle svt Lsshnndhea[10]:.
Objid sv...myjd;
int svPPP seq -number;
double sv - imie;
Ici* sv-fronmMac-ici utr;
I cpjfddi-sink-tcpstate;

#define pr-sviteptr ((cp-fddi-sink-cp.statz*) SixnLModStatePu)
#deflne thru-gshandle pri.sat;t->svh gsandle
#-deflne mideaygshizade pr stat(pt->sv-mndelay-gshandle
#define ete-delay...gshandle pr-state-pr-->sv -ete__delay-.gsnandile
#define thrugshandle_a pr..stae-r>sv-jhnjgshandle-a
# iefine m-delay~gshandle-a prstatep>svm deiaygshandle-a
'clefine edelaygZshasnclea prstatepr->sv__ete,_delay-gshande....a
4define t-.gshandle pr._3aueptr->svj.gshandle
#define t gshandle-a pr-tatq..prr->sv t shandle a
#define rny-d pr...stateptr->svmyjid
#define PPP-seqnumber prsate..pt->sv-P21'_seq...numbcr
#define time pr...state,.prr->sv-time
#define from-rnacjic~iptr pr-statc..ptr->sv-from-mac.-ici.ptr

/* Pror-.ess model interrupt handling procedure */
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void
cT_fddi_sink-tcp

I
do ;bie delay, creatjime;
Packet* pkptr;
Paclket* piqflrl ; f*5AJR94*/

Packet* ppp-pkutw;/* I 5JUJN94*I
int src-acidr. my--addr;
int cdestaddrI/* 14APR94*1
double fddi-sink ttrt;
iut xmjut.subqjindex;/*5APR94*/
int load-balance-cnde; /*6AI.JR94*/
int 1,,subq-.no; /*25APR94*/
i W index; /*10MAY94 */
d~idble link -mon transrae /*5JN94*I
char strO[5 12], stri [512]; /* for diagnostics*/
int mon-j,.tsize; /*26jU*/
double sin-duration; /*26JLJL*I/
Packet* ip-pkptr; /*I I SEP*/

FSM-ENTER (cpjfddi-sinktcp)

FSM-BLOCK_-SWiTCH
I
p ----------------------- ----------------

It"' state (DISCARD) enter executives **/
FSMSTATEENTERUNFORCED (0, staieOenter--exec, "DISCARD")

f
P* determne type of interrupt: 10OMAY94 *
switch (opjint-ptjype4))

case OPC_-!NT1T-TS'TAF-
/* the interrupt is caused by the !ransznitters' status ~

I

switch(ind ex)
I
case XETTERONE:

I
buffer[i =0 op-.stat localrea(XITrEKZONE),
break;
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I

buffer[1] =op-statjoc,-aljead(xmn-ITR _TWO);
break;

case XMffITERTHREE:
I
buffer[2] = op-stajocai-ad(xmflTERTIIREFE);
break;

case XAJr1TERy1OLTR:

buff-er[3] = op-.statjlocal-ead(XMlrERr kFOUR);
break;

default:
I
op-sin.endC'*** FDDI-CDL : FATAL ERROR","Unexpected stat

break;

I

/* get thie packet and the interface control info *
pkptr = op..pk-get (op-inupt-suin0)
from-macjici-ptr = opjintrptjici ();

/* 20JAN94: get the packet's priority Ileel, which *

/* will be used to index arrays of thruput and delay *
/* computations. */
opjiciattr..get (from-mac-iciptr, "pri". &pri-sct); /* 11ISEP94 *

/* determine wec time of creation of the packet */
op-iciattr-get (from-macjci.ptr. "a time". &creat-time).

/* IlISEP94:determine the destination address of itair packet */
opiciattnget (frornm.acjci~ptr, "dest-addr". &dest-addr);

/* l11SEP94:determine the source address of the packet *
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op-iciatti-get (from mac-ici-ptr, "srcaddi ', &sic-addr);

1* 7APR94: determine which load bkianin- algorithm is in use '
op-ima-obj-atr.get ( my-id, "loadi balancing algorithm". &loa(Lbalancesode);

/* 14APR94 : also get my own address */
op-ima-obj-attr-get ( my-id, "station-address", &my-addr);,

P* destroy the packet ~
1* op..pk destroy (pkptr); *
/* 03FEB94: rather. enqueue the packet. This will be the~
P* first step toward developing a LAN bridging strucwue.~
P* -Nix */
/* opsubq..pi _insert (pri-set, pkptr, CPC.QPOS ..TA1L);'

/14APR94: che' k the frame passed to "Ilc" is destine. for *
/* this station. If it is update the local traffic ~
/* statistics; if not, allocate the packets */
/* to the transmitters since chey are destined for the remote lan *

/* update also incoming return fink statistics for thf, frames */
/* which will be queued in ilc._sink! C be sent to remote Ian.*/
1* -Karayakaylar */

if((dest-addr~r mny.~addr)&&(src_aiddr < ray-addr))

/* add in it; size ~
fddi sink total bits += op..pk total__sizege (pptr);
fddi sinktota1_bitsa[pri. set] +;;- oppk total size...et (pjcptr; /* 2OJAN-

29APR94 *

/* accumulate delays *11
delay = opsiinjine () - at-time;
fddi_sink_accum dtiay += &1"Ay;
fddi_,zak acunA'd yaprA'_sc,.] += delay; /* 2OJAN-20APR94 */

/* keep track of p A delay value */
if (leay > fddisink .pak-dclay)

fddi-sink-peak-deiay =delay;

/* 20JAN94: keep track by priority level as well 23JAN-20APR94 *
if (delay > fddi-sinkp ak delay afpri setJ.)
fddi sink..peak delay a[prijiet delay;
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I"' incremuent packet counter; 20JAN94 *

fddi-..sink - otal.pktsH-;
fddi--sink _total-pkts-a[pri-sct]-++;

/* if a multiple of 25 packets is reached, update stats ~
/* 03FEB94: [01'1 represent asynch prioritie. ->S, *
/* respectively; [81 represents synchronous traffic. */
/* and [91 represents overall asynchronous traffic.-Nix *
/*if (fddi_sink_totalpkts % 25 ==0)

op-stat-global-write (thru~gshandle,
fiJdi_sink_tozii.bits / op-.sima.jime )

op-..stt.global-write (thru..gshandle.a[pritsetj,
fddi-sink-total-bits-a[0] / op-simjimeo);

op..stat-global-..write (thrugshancUlea[0],
fddi_sink_total_bits,_a[l1J / op..sinijimeQ);

op..statglobal-write (thrugshard' -.a[l]1,
fddi_sink~total_bits_a[pitsetj / op-simjimeo);

op--.sta-global-wrte (tmrugsandl...a[21,
fddi_sinK~total_bit;_a(2] / op...sim-tirneQ);

op-stat-globalwrite (thrmghazdlea[i
fddi-sink-total-bits-a[3] / op.sim-tlmcQ));

op-stat..global-write (tlhn-gshandle.. a[4],
fddi_sink-total_bits_a141 / op~simuirneO);

op-stat ,.lobal wcte "dhu gs ande[]

fddi._sink_total_bits_a[5] / opsim-.imeo);
op--stat-global-write (thrw~gshandle.a61.

fddi_sink_totaL.bit:s..a[63 / op...sirnjimeO);
op-statglobalwnte (thrus nla7~

fddi-sink-total-bits-a[7] / opsim-timeo);
op-stat-giobal. wrnte (thm ushandle.af 8],

fddi-sink-total-bits-a18) / op-.sinutmeQ));

P* 30JAN94: gather all asynch stats into one overall figure *
/*opsalbalJwrte (thru..gshadle-a[91.

(fddi-sink_,otal-bits -fddi sink tota'* _a8/
op-sim-imneo),

1* (fddi_F' " -_totzi_bitsa[O] + fddi_sink-total-bits_a[ I) + *
i* fddi_5, _ata_bitG~a f[2] + fddi_sink~totalbitsa[31 + *
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/* fddi-sink-total-bits-a[4] + fddi_sink_total bits a[5] + *
/* fddi.sink -total_ bits-a[6]1 + fildi-sinkjoral bits a1) /
1* op simtineo),

opsatgobal__,%i-ite (mdelay 4bade,
fddi.-sink-accuxndelay 11 fddi-sinkjtotalpkts),

opstat.globaLwrite (mndelay~gsbandle -afO],
fddi_sink_accumdehiya[Oj / fddi_siaktotaL.pktsa[O]);

op-.stat-..lobal-write (md-elay gbz1e-]
fdldi-sink-accum.ndlay..a[l] / fddi-sinok-total_,pktsa[l]);

op--stat-global-write (m.deay..gshandlea[2].
fddi-.sink-.accumjielay._a12] / fddi__sink_tota Lpkts.a[2]);

op...stat.g~obaLwrite (mxdelaygsh~andk~;-a[3),
fddi._sin.-k_accurndelaya[3j / fcldi_siak_toa.pkts..af3]);

opstat..global-write (m~deay~.gshand1e...a[4].
fddi_.sink_accum_deay~a[4] / fddi~siuk~tt1pktsa[4D);

opstat.globaLwrire (rn-delay-.gsandleji[5],
fddi.-sink-acciinAelay..a[5] / fddi_sink_totaLpktsa[5]);

op-stat-gioba- -write (mdelaygsandle-a161,
fddi_sink_accur_dcla)'_a[6) / I'ddisinkj,.otal-pktsa6DI;

op__.Siatglobal_,, rite (mdelay_,shandle.a71.
fddi_sink_,accumdelay.a ['11 / fddi..sink -totpktsjtl7]),

()p-..sta g obal write (mn delay .ghandle a[1].
fddi_.sink_ace In de'ay_..a[8) / fddisink..toWalpktsa[8]);

/* 30JAN94: gathez all asynch stats into one figure "

/*op-stat ..global-write (mdeay..gsbandlc__aI9].
(Id di-sinik-accu m--elay - fddi_.si!&_accu _n.Aelaya[81)I
(fddi-sink-jotal pkts - -fddi_sink_total~pktsai8l);
I*1

I* (fddi., sink_accurLn_dclsyayjOj + fniL ink_accuni_(ielay_.a[lI] + *
/* fddi._sink_accum_,delay..a[2J + fddI_-sink_accunmjlelaya[3) + *
I fddiL.sink..acumn.dtsy.a14] + fddi_sink_ac rndelayj[5] + '

I* fddi-sink-accun-delay..af6) + fddi_-sink_accurn__dcaya[7]) /*
/* (fddisinkjtotalpkts.aOJ + fddi~sink totalpts a[ 1) +.*
1* fddi._sinkjtotal_.pkms a[2] + fdcli_sink_to alpkts~aI'3] + ~
1* fd(i.sink_:otalpkLsaf4j + fddi_sink_foWa._pktsa[5] + ~
/* fddi--sirik ttalpk.msa[61 4. I(di.sink_totalpta[j71)); *
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P~ also record actual delay values */
/Pop-stat.global-write (ete& delay-gshiandle, delay);
op__statg~oba1 write (ete delay sadOapri set], delay),

P / end of if(dest-addr =-- rny-addr)&&(src.-addr < my-addr) statement ~

/* 20APR94: check the frame passed to "Uic" is destined for remote Ian *
/* Thius will allow only the packets to he counted foi- CDL traffic. */
P* -Karayakaylar *
else

I
/* add in its size ~
fddk'lpItoa_bits += op-pk-otal-size-.get (pkttir);
fddilpItotaIbits_.a[pr1_set] += oppkjoasize._get (pkptr); / 20APDR94 *

/* increment packet crsnuter; 20AFR94 *
fddilpl-totalpks+-+;
fddilp 1 total-pkis-afpriset] -H;

P* if a m~ultiple of 25 packets is reached, update stats,~
/* [0] ->[7] represent asynch pi i orities 1~>,*

/respectively; [8] represents synchronous traffic, ;

1 nd [9] represents overall asynchronous traffic.-N ix ''
/*if (fddilpl-rotalps d.5==0

op_.s,,avgobalwrite (t_.gs handle,
fddilplIj-otal-bits / op-siinjirne 0);

op-stat-global.-write (t..Sgshandle _ajpri set],
fddilp1_t.otaIbits..a[0] / opsim__imeO);

op st atgI iwrite (t gshndl- a[(I

fddilp l-toabits -a[ I) / op~simjitneo);
op..-stat...global write (Lgsbandle ..AJ L

fddilpl-jottaJ-bits..afpri setI /lop-simLime0,.
op-statglobal-write (i-gshandle-al21.

fddilplj-otal -bits~a[21 / op-im _rimeo);
oup-stat-global-wiitc 0Lgsthandh a[3l,

frddilplI -otal.bits--af 3) / op__sim-ui ieQ)-
op,-.stat-global-write (t~gshndleaI4j,

fddilp I ._ota1_1its.. n [4] / op. -sim-..timco).
op--stat-global-vwrite (tLgshandle _ati].
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fddilp 1-totaL-bits~a[5] / op-sim-imeo);
op-stat-global-write (L-gshandlea[61,

fddilpljota_-bits-a[6] / op-simjmeo);
op-stat-global-write (tLgshandle -af71,

fddilpl-totaL bits~a[7] / op-sim-simeo);
op-stat--global-write (tLgshandle -a[8l,

fcldilp ILtotal_bits-a[8] / opsim.simeo);

/* gather all asynch Stats into one overall figure *
/P-op-stat-global -write (t-gshandle-a[91,

(fddilpl-total-bits - fddilpl-total-bits-a81)/
op-.simjimeo);

1* (fOdiIp Ltotal -bs-A[OI + fddilp ltotal-bits-a[11 + *
/* fddilp 1_total-bits-a[2] + fddilp l-toalbits-a[3] +~*
1* fddilplI -total -bits_.a[4] + fddilplj tWbits-a[1 + *
/* fddilpl1 total-bits~a[6] + fddilp ].__talbits~a[7]) /*
1* op-sim-imeo); *1

/* )if (fdhIlpI-tota~pkts % 25 0) *

1/* end of else if(destJdr = myaddr)&&(src-addr < my-Addr) statement ~

/* Frames coming to cp--smk only go to this station or CDL I ISEP94*/
if (destad m'adr

/* send packet to IP layer *
op..pkjifd-get (pkptr, "datagram". &ip..pkptr);

op-pkdestroy (pkptr);
op-pksend (ipjpkptr, ll'..9U3TRM);

I

/* 11ISEP94: first step is to take LLC 10 Lhat was st with*r/
/* frame and attach directly to UJ-C frame instead of event*,'
/* This is necesary because LLC fraxne doesn't have all req'd i'o~
op-pk-ciset(pkptr, from-macci.pr);

/* 15JUN94: before allocating, encapsulate the PDDI frame ino a T'P packet ~
ppppkprr = op..pksreatej- mt ("ppp-ml");
op-pkjifd-sei q(ppppkYptr. "seqnumber", PPP.seq-nunber+i-);
op-pk.ifc-sct Q(ppppkptr. "1IDDI-Irame", pktr);
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/* 14APR94 :allocate the packets to J1c-sink subqueues ~

I'* 6APR94 -Krayakayl'af*/
/* check if load b~alancing algorithm is circuiai
/* zero(O) is the circular load balancing, code *1
if (loa6_balaace_code = 0)

/* 5APR94 *
j1* Apply load balancing to insert the packets in the x*/
I* subqueues, in a circular order V1
sibq. no = subqjindt: % 4;
op-subq . isert(subq no, ppkrr, OPQ-QPOS IL); /* 15JUJN

altered to s(end ppp'1/
subqjndex+.;

/* 25APR94 *
P/- check if load balancing algorithm is empty allocation ~
1* one(i) is tht empty ailccation lojad baancing code *
if (load__bai~ace-codc-= 1)

I* Apply load balancing to ina~ei the packets in the t/
I* subqueij:s ',;y, chow.ing the suliqueule which has thV MaximDUM Cunrent,~
P-- number ol free packet slots *11
subc-no = op-su bqjndex Map(OPC ..QSELMAX -FRFE-PKSZ.',);
op-subq-pkjnscn(su bqno. p pp.pkT, OPCQPO AL), /* 15JU N

alkered to send ppp*/

)/*else if(dest-atudr = my~addr- statement *

break;
/ enad of case OPC NTRPTSTRM statement ~

case OPCV4TRPT SELF: I*77JUTL94w/
/* if it Is a self-interrupt. it is time to scnd a monitoming packet. Send one. ~

ppp-pkptr = op..pkaceaicjfMT(' ppp).
oppknfdset ( pp..ppt."id ",OxcO);

oDppkjf_set (p pppkptr, ' pd l",Gx2 I);
opjmv -obj-attr ;Ct (nyid"rnovitcring pkt size", &rnionjk~tsi-1w);
op-pk--iilk -size se (ppp-pkpc. tnon-pi_size);
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if (loadjbalance-code == 1)

subq..no = op-subq. index..map(OPQQSEL-MAXJ-E lfi.PKSIZE)
op-subq pk-insert (subq-o,ppp-pkpwOPC QOTAIL);

else if (load-balance_code == 0)
I
subq~yo = sita.-index % 4:
op.,subqpkiu sent (subqjio,pppjpkptrO1'QQPOS-'rA ,It);
subqjindex* +;

break;

c/ nd of switch *

/* check ifeach subqueue is not enaptN and transmitter is. not busy */1
/* inregardless if an inteinipt is received o;r not J AUJG94:t'

for (xtnQt subqjndex =0;xmit subo index <=3; 4-xxisubqjindex)

if ((fop subq.entyxnt..uqndex))&&(lmTer[xmitsubq.jnde.] =

0.0))

IPaccess the first packet in thc, subqueue *
pkvrl = OD subcj .pk'.yernove (xnit-s-zbqjndex. oTV ,QPOSIIEAD);

1* forward it to the destination x mitter */
/* associated wit the subgueue index *
ovj-pksnd (p~kpuL i. xmt-suq -index)

pririrf(-packe. sent. to up xinu from suh)queue % i"xish

/~bloc.king after- enter executives of unforced ' tae. ~
FS1MJ2)UT (!pfd&_isirticz.p)

/** state (DISCIARD) fcxii executi~ves ~~
FSM9STX'1KJrXTll.UNF-ORlCED 10, state(Utxiiexec, "DISCARD."!
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I

/**:ti.-i(DISCARD) tran~sition prcessing 9
FShIINITCOND (FND..OF--ILM)
FSMDFLT 1 COND
FSM_'rE-STLLOGIC ("DISCARD")

PSM.ThANSITLSWITCH

FSM_1CASETRANSIT (0, i1, statIer'-rexec,;)
FSMCASETRAINS"IT (1,0. s 0eQ.jencEexec,:)

1* ---------- -------..----------------------

/** state (STATS) enter executives "Y
MSTATEENTERJJNORCED (1, state 1_enterexec, "S TATS")

/* At end of simkulation, scalar perforawice statistics ~
/* a~nd input parametei s are written out, */

op..stat-scalar-write ("RL TFhroughpu'. (bps), Priority 1"
fddilpl 1.total bits a[Ol / opsim ime(),; /*20APJR94*I/

cp-staLscalar-wile ("AU,- Throughput (bps), Priority 2",
fddlpltoaLbits-a[l) / op-.sirn tinie 0));

op-stat.scalar-wie ("RL Througbput (bps), Priority 3",
fddlpljtOiai..bits.._a[21 / op.. simjhii:e ());

op~st3tscear_, Tite ("RL Tivoughput (bps), Friority 4,
fdpIttcwi-.bits-a[3j / op..sim~jime k));

op-stat-scalar-_write C 'RL Thiroughput (bps). Priority 5".
fddilp Itotal-bits-a[4l / op-sim-time 0)).

op-sta... scaar--write ('R.L Throughput (bps). Priority 6"'.
fddilp L-.wtnabits-a[5j / t~..inime 0);,

op_sra._Scalarwritt ("P.. Througbput (bps), Priority 7",
fdtlilpi wta1 bits a[1 lop Sirn tixm (03),
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opstat-scla_write ("RL Throughput (bps), Priority S".
fddilp ltotaLbits -a[7] / op...sikn..time ());

op-.sta-scaiar--write ("RL Throughput (bps), Asynchronous",
(fddilp 1totail-bits - fddilp 1total-bits--[8I) / op...simjtime0)

1* (fddilpl-total-bits.a[O] + fddilplwtal..bits-a[1] + *
/* fd'iilp 1_-total-bits-a[1 + fddilplj-otal. .bits-a[3] + ~
/11 fddilp 1_-total-bits...a1 +- fdd'iI I-rotal-bits-a15] + *
1* ffddilp 1 _total_bits.a6] + fddi4l, 1 total bits-a[7])/*
1* op..Sim..tjme0)

op-.stat...sca&_writt ('RL Throughput (bps), Synebionous".
fddilp It-otal-bitsa8]!/ op-si m-fine 0));

op stat scalar-write ("RL Thbroughput (bps), Total",
fddilp L-totza-bits / op.-sin..time 0)); f*20AJJR94*/

/* Only one station needs to do this *
if (!fddi_sink-scaar.write)

I
/* set the scalar write flag *
fddi-sink-scalar-write = 1;

op...stat-scalar-wrte ("Mean End-to-End Delay-O (sec.), Prority 1".
fddi-sink-accumjeay.a[O] / fddi-sink-iua.pkts-aO]1);

op..sta-scalarwite ("Mean End-to-End Delay-O (sec.). Priority 2",
fddi-sink-accum-delay~a al] / fddi_sink_total..pkts-at 1]);

op-..stat..scalar-write ("Mma End-to-End Delay-O (sec.). Priority 3".
fddi-sink-accum-delay-.a12] / fddi_sink_totalpkts__a[1);

op..stat.scalar-write ("Mean End-to-End Delay-O (sec.). Priority 4",
fddi-sink-accurn-de-lay-a[1 / fddi-siak-totalpkts.a31);

oD stat scalar write ("Mean End-tol-End -,-- e--.---"re."
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fddi-sinik-accun-.-eay..a[4i1 / fddiis-itJ_toa4plkts-aL4I);

opstatscalar..write ("Mectn Enca-t.-Eud Delay-O (sec.), Priority 6",

i~ddi-sink-acciirn-delay.-a'i5] / fcldi-sink-toteLIpkts iti5i);

op-stat-scalar-mvitf, ("Mean End-to-End Delay-O (sec..), Priority 7",
fddi-sink-accw~n..delay.a6] / fddi-s.ink-t~4.ts-a[6]);

op-stat-scalar-write ("Mean Fnd-to-EnJ Delay-0 (sec.), Priority 8",
fddi-sink-accum-delay_4a7] ! fddisinxk-totaLpks..a[7]D;

opstatscalai _write ("Mesan 1-imd-to- End Dela~y.( (sec.). Asynchronous",
(fddi-sink-accumn-delay - fddi-si.-ac-cuyna-elay..a[81)/
(fddi-sinkstotalpkts -fddi-sinkjomj pkts.a[81));

/* (fddi-sink..accum-dselay-.a[Oi 4- fddi sie.k a.CUm_delaya'Ii] + *
1* fddi-sink-accum_.delay-a[2] A-. fddi_sink_accunijelay..a[3] + *
/* fddi-sink-accuni-slelay__a[4-] + fddi-sink accunmslelay.a[1] + *
/* fddisink_accum_de.y_[6 + fdd'JjW si aczun delay a[71)I /
1*(dlsn/otlni j 1* isnj~l.pta 1+
1* fddi...sink talpt..pus_"1+ .- fdCii_sink tozIedpkL9 a[3] ..

/* fdd-sink-tta a[~_4) +- Iddisnktid a5 + *
/* fddi-sink-oial...pktk.-J461 +fdisntoa pt 4]);*

op_stat-scalar-write ("'Wsan iud-to-Bad DelIay-0 (soc.). Syncbronoils",
fddi sInkaccum~deay.z(8'I fddi snktfi uksa[]);

op_..stascalar~wite ("Nm EanFd-v. -Rnr DelIay-() (s~ec,), Total".
fddi-sink-accunjadeay / fddi,. sink - total-.pcts)-.

op..sta* Scalar_write% ('Tbrougbhput-0 (bps), Prioiiy I"
fddi-sink-.total-bit,;_401J/ op--sim-time ());

op-stat..scalar-vnite ('4mroug-bitit-0 (bps), Priority 2",
fddi .sink-total.tiL,,j I I / op-sitxitim ());

op-stat-scaar- write CITkoughput-C (bps). P~riority 3".
fddi sink total, bits 42)J / op..simt.imfc

op..stat-scalar-write ("Ihx')ugliptit-0 (bps), Priot i~y 4".
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opstatscalar-write. ("Throughput-O (bps), Priority 5",
fddi-sink-total-bits.a[4] / opsin..time ());

op-stat-scalar-write ("Tbroughput-O (bps), Priority 6".
fddi-sink-total-bits-a[5] / op simtire ());

o,)_stat-sc'alar-write ("Throughput-O (bps), Priority 7",
fddi-sikttal-bits-a[6] / op-sim-fime ());

op..stat-. scalar-write ("Throughput-O (bps), Priority 8",
fddi-sink-total-bits-a[7] / op-sim-time ()),

op)stat-scaiar-write ("Throughput-O (bps), Asynchronous",
(fddi-sink-total-bits - fddi-sinktotal-bits_a[8]) / opsim.itine (');

,(fddi-sink-totalbits a[O] + fddi-.sink_totalbits-a[ 1 + *
,'fddi-sirik-total-bits a1121 + fddi_sink_total bits at3I + ~

/* fdd-sink_totalbitsa[4] + fddi-sink~tota bits a515 + *
1* fdth -sink -total.-bits-a[61 + fddi-sink totalbiv:e 47]) I*

opstatszaJar_write ("Throughput-O (bps), Synchronous",
fdsiAtotalbits_a" 31  op sim ime());

(0p~statscalar._wrte ("TIboughput-O (bps), Total",
Ed-il~sink-totalbits/ opsimjime 0);

op_stat_3caarite ("Peak End-toy-End IDMeiay-O (e.Riority 1F,
fddi-sink_,,peak-,elay-v[OI);

opsatscalar.wite ("Peak End-to-End Delay-O (sec.), Priority 2",
fddi-;ink..-pak..elay.a[ 11);

op-stat -scalair-write ("Peak End-to-End Dtlay-O (sec.). Priority 3",
fdd _-siaL--pcaicdelay..a[21),

op stat_scalar..wrte ("Peak End-to-End Dellay-O (so.,.), Priority 4",
fddi-sink_ eak...delaya[31);
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op-stat -scalar write ("Peak Ead-to-End 'Dclay-O (sec.). 11x1rority 5",
fddisink..peak~delay_a[4]),

op-satscalar..write ('Peak End-to-End Delay -O (sec.), PiioriTy 6",
fddi-sink-eakdelay-a[5I);

op_.stat-scalarwrite ("Peak End-to-End DId~ay-0 (sec.), Prio-rity 7",

cp..sta-Scalar-w.ite ("Peak End-to-End Delay-Co (sec.), Priority 8",
fddi-sinkpeakdelaya[7 I);

op stat~scalar write ("Peak Ead-ro-En'i Dc-lay-) Synchronous",
fddi-sink-peak-delay..a[11]:

op~statscalar_%%-ne ("Pedk lmid-to-End DdEiy- (sec.), Ov!erall",
fddi-sink peak-delay);

1* Write the 'ITRT vabje for rig 0. ihis Dreseives*~/
/* the old behavior for singe-ring sirnulations.-*/
opstatscalar _write ('i'rRT (sec.) - Ring 0".

fddi-iopr [0]),

/* 12JAN94: obtain offered load info-nation from the Environmrent *
I* ifie; this will be used to provic abscissa information that */
/* can be plotted in the Analysis FEiitoi (ste "fddi_sink" STATS *
/* state. To the user: it's your job to keep tLes-e cuirnt in ~
/* the Environment File. -Nix */

opasimartget (OPCIMADOUBLE,"oaofrdoa_"
&OfferedLoad);

opimasmattr.get (OPCJMhA -DOUBLE, "asynch-offlercdload-O",
&Asynch-.Offerod - oad);

/* 12JAN94: write the total offered load for this run ~
op-statscalar-write ("Total Offered Load-O (Mbps)".
OfferedLoad~);

opstatscalar..write ("Asynchronous Offered Load-0 (Mbps)".
AsynchuOfferedLoad);
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/** blockingx after enter extcutiv'es of unforced state. ''
FSMEX1T(3,cpjfdditsink_.tcp)

/** state (STATS) exit executives ~
IBMN_ST.,rE_,-E3ITUNFORCED (1, statelecxit-exec. "STMf")

I""state (STATS) transition processing
FSM_TRANSrI _MISSl!NG ("STATS")
/* .---------------------------------------

/* state UIT) enter executives **/
FSMSTATEENTE3RFORCED (2, state2 enter-exec, "MVT)

f
1* get the gshandles of the global statistic to be obtained *i
/* 20JAN94: set array format *

1*ughnl-[l=o-sa~lblrg(piI hogpt0(p))
thugshandleaiO] = opstat-SlobaL-reg ("pri 1 throughput-0 (bps)");
thru-gshandlea[lI = op-stat-.global-reg ("pri 3 tnroughput-0 (bps)");
thru.siandle-a[32] op...stglobaLrcg ("pri34 throughput-0 (bps)");
thnugshandle...a[4] = op...statglobal-reg ("pri4 5tbroughput-O (bps)");
thru...gshandlea[4] op-stit-globalreg ("pni 6 Lhroughput-0 (bps)");
thm-ugshandle-a[6] = op-statglobaljreg ("pri 6 throughput-0 (bps)");
thru-gshandle..a[6] = op-stat.global-reg ("prio7 throughput-O (bps)");
Wmugsande.a[8] op-stat..global.reg ("prnc8 throughput- (bps)");
thruigsandle..a[91 = op-stat..globalreg ("sync throughput-0 (bps)");
thru...gshandle =9 opstatglobalreg (t c throughput-O (bps)");

thruagshandle~0 = op...st.glob "oaltrug put- (bps)");-O(sc.")

m...delaygshandle..a[0I] = opstat__.global-reg ("pri 2 mean delay-0 (sec.)");
m~delay.~gshandlea[2] = op-stat-ghobal-reg ("phi 2 mean delay-0 (sec.)");
m-delay-gshandle-af2] = op..-stat-giobal-reg ("pri 3 mean delay-O (sec.)");
m-delay..gshandlea[4] =opstat-lobal.reg ("phi 4 mean delay-O (sec.)"),-
m-delaygshandle-a[41 = op-stat.global-reg ("phi 6 mean delay-0 (sec.)");
mdelaysadla5 psaglbrg"pi6man de ay-O sc))

znelvjshandle-a[6] = op- statgiobal reiz ("phi 7 mea _Ia- sec))
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ni-delay..gshandle-a[71 =op...sta-global-reg ("pri 8 mean delay-O (sec.)");
m-delay.gshandle_alS] = op..stat-global-reg ("synch mean delay-O (sec.)");
m-.delay.~.gshandlc_a[9] = op-stat Igobalr~g ("async ri-,ean delay-O (sec.)");
m-delay..gshandle = op-statglobal-reg ("total mean dday-O (sec.)");

ete-delay-gshandle-a[Ol = op-sat-S.lobaL-reg ("pri I end-to-end delay-O (sec.)");
etejlelay-gshandle.a[l] = op-stat-globalreg ("pri 2 cnd-to-end delay-O (sec.)");
etedelaygshandle a[l2] = op-.stat-..gobal-reg ("pri 3 end-to-end delay-O (sec.)");
ete-delaygshandle.a[3] op...stat...lobal-reg ("pri 4 end-to-end delay-O (sec.)");
etedelay-gshandle a[4] = op-stat..globa.lreg ("pri 5 end-to-end delay-O (sec.)");
ete-elay-.gshandlea[5] = op-statgSLobal-reg ("pri 6 end-to-end 'ielay-O (sec.)");
ete-delay..gshandle a[6] = op-stat.global-reg ("pri 7 end-to-end delay-O(sc);
ete..delay-gshandle.a[1 = op-stat..global-reg ("pri 8 end-to-end delay-O (sec.)");
ete-elay..gshandle-a[81 =op--stat-global-reg ("syncl. end-to-end delay-O (sec.)");
ete-delay..gshandlle = op-stat..global-reg ("total end-to-end delay-O (sec.)");

t-..gshandle-a[O] = op-stat.globaljreg ("pri 1 RL throughput (bps)");
t-gshandle..a[1] = op-stat...global-reg ("pri 2 RL throughput (bps)");
t-gshandlea[2] op...statglobal-reg ("pri 3 RL throughput (bps)");
tgshandl...a[3] = opstat..globalreg ("pri 4 RL throughput (bps)");
t-gshandle-a[4] = op-.stat.globalreg ("pri 5 RL throughput (bps)");
t.-.gshandle..a[5] = op-statglobal-reg ("pri 6 RL throughput (bps)");
t-..gshandle-a[6) op...stat-..global-reg ("pri 7 RL rEboughput (bps)");
t-gshandle,.a[71 = op...statglobal-reg ("pri 8 RL throughput (bps)");
t-gshandle-at81 = op-stat__.global-reg ("synch RL throughput (bps)");
t..gshandle...a[9] = op...statglobal-reg (' async RL throughput (bps)");
t...gshandle = op-.stat...globalreg ("total RL throughput (bps)");

link-gshandl[O] = op ..stat..global-reg ("Link 0 jamming");
link-.gshandle[1] = op-stat..global-reg ('*Liiik I jamming");
link-..gshandle[2] op-stat..global-reg ("Link 2 jamming");
link...gshandlef3] =- op-stat gobal.yeg ("Link 3 jamng"r);
jammer-stats-init = OPC-TRE;

subq-no = 0;

/* 7APR94:determine id of own processoi t,,, use in finding *

/* load balancing attribute and station address of the bridge node *
my-id = opid-selfo.

/* 15JUN94: get rate for link monitoring packet tirnsmission *
op-ia.obj-attr-get (my-id,"inkmonitor-trans-zaite", &link mon-trans-rate)
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/* 26J1JL94: get duration of the simulation */
op-ima.simattrget kOPCIMADOUBLE. "duration", &sim_duration):

/* 26JUJL94:geaerate a self interrupt at each tine that a monitoring packet*i
/* is to be sent. Since these packets are to be sent at a fixed terate (per *1
/* second), the only way to guarantee packet generation in this event */
/* driven simulation is to create an interrupt at the appropriate sir *,

/* times. These interrupts will cause a monitoring pacei o be seat '/
/* through the discard state.*/

for (time= op__simtiimeo; une<=sim_duration; tiif-l--ihLK_ rnl_. arc __rate)
I
op-intrpt-schedule-self (time, 0xc021);,

/* 11SEP94: create an ICJ to attach to all LLC frarmes transiting *1
/*the CDL. Though the LLC frames will be encapsulated i,: 1 'PP,
/*the ICI will be associalecl with the LLC frame and wil rc-main */

/*intact until gotten before the LLC frame is sent to the MAC */

from-mac ici-ptr = op ici create ('fddin-lac ind cp"),
I

/** state (TNT) . cxcutiv-. s /
FSM._STAThE.XIT VOI Ct-[) (" statc2_cxit_ exeL, "INIF')

I

P* state (iNFY) trwasition proccsig */

TSMINITCOND (END OF S1N4)
.-SMPFLT_COND

IV- 1M_1 1'S LI-C "it 1,F'

FSM T'A\ _ +SW " "O

FSM..C SE_',AJRtjuN6'" (0, 1, sml _erat cxec, ;)
FS M ASE- -I'ZANS tr (1,0. stt0 enter_exec.;)

1---------------------------------



FSM_EXIT (2.cpifddisinkjcp)

void
cpjfddi sink_tcpsvar (Prspt,varnanie,varpprr)

cp-fddi-sink tcp.state*prs-ptr:
char *vaname, **aLppir;
I

FIN (cpjfddi_siuk_tcpsvar (prs-ptr))

*varp-ptr =VOSNIL
if (Vbs_Striigjiual (thru-gshandle" ,var-nanc))

*va-p-tr= (char *) (&prs...ptr->w -thmugslwadle);
if (Vos tinEqual ("mn delay ghnl",anm)

*varpDtnr = (char *) (&!)r% rn"---v im delay phn~)
if -AlbsStivi'iEqual ("etcdelay g~ade vrname))

3V%.a~p~ti= (chai *) (&prs ptr->sv e_e dhy--ghadle);
if (Vos-String -Equal ."thru..gsIhandle_.a", vai ..nane))

*va-p.ptr= (char *) (F .ptr->sv_tb '_,shaudle a).;
if (Vos--String -Equal ("m,.deay-gshandle-a" ,var -name))

*varpjl; (char *) (prs-pu,->sv rn-d~ay..gshandie a);
if (VcsStringN~uaI ("ctc_.delaygshanc a" , vr-nanme))

*va.pptr =(char *) (pisptr-.>sv-cee deleygshandle a);,
it VosStrng ~qiaI("Lgshafidle" , vxim)
vw..ppiu (Char *) (&prsjptr->svrtgsn(;Ie);

if (Vos-String-EquaI ("t-gshandleo" var--name))
*varpljtr = (char *) (prs.ptr->svjgshandle a);

if (Vos-Stingj-hquaJ ("my_ id". varnarne))
*vajppt~ = (char *) (&prsptr->sv~myjid);

if (Vos-Stri ng-Equ a ("PPP..seqg'.umber" ,var-narne))
*v-j4)-j)tr = (char *) (&prs~pr->svIPPseqnumber);

if (Vos-String 1ja (it fa name))
*var-pprtr = (char *) (pspr~sjm)

if (Vos-Striug-Eqiai ("from-mac-icipr" am~ae))
v'arpptr = (cliar *) (&prs~i s [Tom _mac ic~;
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FOUP,

void
cpjfddi sink-tcp..diag (

double delay, creatiine;
Packet* pkptr;
P~acket* pkptrl I /*.5APJR94*/
Packet* ppp..pkptr;I* 1 5JUN94*/
ilt srcaddr, miy_addi;
int dest_addr;!w i4.APR94*'/
double fcidi .sink-al

ilt load-bW~ance-code. /*6A.PR94*I
int i,subq no, /*.^5APR94" /
im index; /* iOMA' '94 */
dlouble link m.ron._,rans_ratie:- /" 15JTLJN94/
char strM5 12). stri [512];- /w for diagnostics*/
int monpktsize.; !*26J1JL*/
double sim-duration; /126J1jL_,*/
Packet-~ ip-pkpw; /*11 IS E*/

FIN (cpjfddi sink_tcpdiag (1)

/find out why Siraigbt line syndrome *

opprg.9do&"rjflt__ajor C'--------DEB UGGING for straight line

spfinif (srf),"count of packets: (%d)'.subq_index);
sjprintf (ir I."subqueue no: (%/d)".subo- no);

op-prg.-od bpriiii-minor (strO.str I. 0PC_1-fL),

FOUT;
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void
cp.jfddi..sinkjcp-terminaie

double delay, creatjme;
Packet* pkptr;
Packet* pw.prl ; /*5A&JRf94*,
Packet* ppp-pkptr;/* 15JUN94"]i
imt src..addr, my-addr;
int dest-addr;/*, 4AR,*
double fddi-sink-ttrt;
int xmit-subq-ilex;/*5APR94*/

int load-halance-c~xie; /*6APR94*/
int i~sub-Lc; /*25AFRN4,'I
int index, 1*1 OMAY94 *i
double link-monIians-rate; /*l5.TLJNN)*/
char strO[5 12], strl [512]; /* for diagnostics*/
int mon-pkt-size; /*26JUL*/
double sim-duration; /*246JT3L*/
Packet* ippkptr; 11 S EP*/

FIN (cp-ddi-.snk.tcpteminate 0

FOUTl

Comup-odc
.p.-ddi-sink-cji -. r.sratepptr)

cpJIfddi-sink. tcp state"' pr-state-ppix,

static VosTCmuObtypeobtype = OPCNIL;

FMN (Tcpjddi-sink-tcpj--nit (pr-stat.epptr))

if (obtyT~e == OCCNIL)

if (VosCarinemRegiiter (-pro', state vars (cp-.ddi_sink_tcp)",
sizeof (cpjddi-sink-tcp__stale), Vos_-Nop, &obty p .) =--V USC AILUTRE)
FRET 'f(OF( COIAPCiODEFAILURE)
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if ((*pr state -pptr =(cp-fddi-sink-tcp-state*) Ws-anerAllMoc (ob.type. ))=
OPC NIL)

FRE T (OPQ-COMPCQDE_.FAILUTRE)

(,*pr-state-ppa)-cugent-blok = 4:,
FRET (OWC_COMPCODESUCCESS)
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APPENDIX J

TCP RING 0 MAC MODULE CODE
"cpfddi mac..cp.pr.c"

Unchanged portions of this file have been deleted for brevity.

/* Process model C form file: cp-fddi-mac tcp.pn~c */
/* Portions of this file Copyright (C) MIL 3. Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>
#include "cp-fddi-mactcp.pr.ki"
FSM_EXTDECS

/* Header block */
/* Define a timer structure used to implement */
/* the TRT and THT timers. The primitives defined to */
/* operate or these timers can be found in the */
/* function block of this process model. */

typedef struct
i
int enabled,
double start_time;
double accut."
double target._accum;
) FddiTTumer;

/* Declare certain primitives dealing with timer.s */
doub'e fddi_timer-remaining );
FddiT Timer* fdditimerceate O;
double fddi-timervalue 0;

/* Scratch suingi for trace statement */
char sAr0 [512], strl [5121,
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/ define -'onstarzts particular to this irnplemevntaor *-/
deii-.c FDJiAXrSTATIONS 5 12

1,* defi Fie POS"i ble vailut.s for the Lam-,, control field ~
ildefinc. F-OL)l r CFRAMvE 0
#-deflizi FDDIFC. TO.KFrN I

P,' define possiale ic class,:s for frames ~
#Wtfin, M.DlSVCASYNG 0
#dcfine FDD1WCV-.SYNC I

/* dnfine input stream indices *
*kiefine FDDI_-LLCSTRMIN 1
#~define FDDI PHY-STRM-IN 0

/* define output stream indices */
#define FDDI- iLCSI?M_4OUF I
#dine FDDIPHY_STRMOUJT 0

1* define token classes */
#&,,%le FT)DT_'7KNONRES -ITED)

#detfiae FDD1__TKRESTXCTED I

1* Ring Constants */
#define FDDJJXW_RATE I .Oe+08
#define FDDI SA. SCAN TIME 28.0e-08

/* Token transmission time: based on 6 symbols plus 16 symbols of preamble *
#define FDDICTOKENDCTIME 88.0ce08

/* Coees usPd to difftrentiate remote intcnmupts */
#define-FI.DICTRT_-EXPIRE 0
#define FDDAICTKINJECT I

/* Define symbolic expressions use d on transition *

/* conditions and in execuitive statements. 0/
#cicfiae TRT.EXPIRE

(op-intrpt-type () OPCJNrrFPT REMAOTE && op-intpt-code()=
FI)DIC_TRT_EXPIRE)
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#define. TKRECFJVFD
phy-arrival && \
trame_.control = FDDIFCTOKEN

#deflie RCFRAME \
phy-arrival &&\
frazme control == FDDI FC FRAME

#define FRA _ARRIVL\
op__intrpt-_t)pe 0 OPC_LNPTR _STRM &&\
opjintrpi strn () == FD)D)_L.C_STRM IN

#define STRIPmy-address == src_addr

/" Define the maximum value for ring id. This is the*/
/" maximum number of -DDI rings that can exist in a*/
/* simulation. Note that if this nutmber is changed,*/
/* the initialization for fdd(iclaimstart below must*/
/* also be modified accordingly.*/
#define FDDIMAX_RINGJD 8

/* Declare the operative TJ7RT value 'T_ Opr' which is the final*/
/* negotiated value of TTRT. This value is shared by all stations*/
/* on a ring so that all agree on its value.*/
double fddi_t opr [FDDI_MAXRING ID];
#define Fddi_TOpr (fddi-t-opr [ring-id])

/* This flag indicates that the negotiation for the final TTRT*/
/* has not yet begun. It is statically initialized here, and*/
/* is reset by the first station which modifies T.Opr.*!
/* Initialize tc 1 for all rings.*/
static
int fddi-claimstart [FDDIMAXRINGID]={ 1.1,1,1,1,1.1,l1};
#define Fddi_Caim, -Start(fddi-claimstart [ring-idi)

/* Declare station latency parameters. */
/* These are true globals, so they do not need to be arrays. */
double FddiSt Laiency;
double FddiPropDelay;

/* Declare glonals for Token Acceleration Mechanism.*/
/* Iop delay and token acce1eratio-, a-re me gh s.a*
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double FddiTkjlouDelay;
static
up. Fddi_17kAccelerate = 1;

/* These are actually values shared by all nodes on a ring,*/
1* so they must be defined as &rrays.*/
double fddi-tk-block_base_time [FDDLMAX._RING_ID];
#define Fddi_17kBlockBaseTime(fdd-tk-block -bsejtine [ring-idB-

int fddi atblockbase_station [FDIIMAXRINQED];
#define Eddi_17kBlockBaseStation(fddbtk_block-base-station [ring-id])

int fddi-&-blacked [FDDI_MAX(_RINGJDW];
#define Fddi_17kBiocked(tcdd-tkblocked tiring-id])

imt fddi-aiim-stations [EDDY MAXWING_ID];
#define FddiNumStadions(fddi nunt.stions [rina id))

int fddi.-iim regisee [FDDIJVMAXRJNCIFID];
#define FddiNumRegistered(fddi nunmegsrredl [ring-id])

Objid fddi-address-table (EDDYMAXRINGJTD][EDDIMAXSTATIONS];
#define FddcAddress..jble(fddi~address-table. [ring-jdj)

/* Below is part of the OPRUG 2081 pnich, FB ended here, before. -Nix ~

/* Event handles for the TRT are maintained at a gl obal level to */
I* allow token acceleration mechanism to adjust these as necessary ~
/* when blocking and reunjecting the token. TIfk'handle simply ~
I* represents the TRT for the local MAC,'
Evhandile fddi-ltthandle [FDDIAYAXRING_ID)][FD-DI M~gAXSTAT*IONS];
#defineUdiTAdefdtninejrgdl
#define TRT _Fazule Fddi_l't_Handle [myaddress]

/* Similarly, the TRT data structure is maintained on a global level. ~
FddiT_Tzraer*fddi rrt [EDDY MAAX_.RING_ID] [FDDI .MAXSTATIONS];
*define FdCiLTh (fddtrt [ring-id])
#define TRT FddiCIb [myaddressJ

/* Registers to record the expiration time of each 110 whetn token is blocked. *
double fddijtrtexp~trne [EDDY_MAX_RINQ .ID] (FDDI_MAX_STATIONS];
#define Fidi_ThExpjflme(fddi umtexpjime [ring-id])
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!* the 'Late_-Ct' flag is declared on a global level so that it can be *
/* set at the timr (ewhere the token is injected back into tho- ring. */
int fddi-late-ct [FDDIMAX_RINGJD] [FDDIMAXSTAfTONS]1;
#define FddiLate Ct (iddjilate-ct [ringid])
#define LateCK FddiLatect [my..addxxt-ss]

1* Convenient mnacro for setting TRT for a given station 3nd absolute time. ~
#diefine TRTSET(mtt~on-id,abstJnaz)\
fddi-timer-set (Fddi_'hit (station idli, abs imie -op_.-sinjime())A
FddiIthHandle [station-id] = opi tptchedultrernote (abs-timne,\

FDDICTRI_-EXPIRE, FddiAddress-Table [station~jd]);

/* State variable definiticus *
typedef struct

I
FSMSYSSTATE
int sv-ringjid;
FddiT-TImer* sv_-THT'
double svTReq;
double svTPui [18]
Objid sv ny-objid.
int sv spawn_ token;
Ant svmy-adless,
int sv-origsrcad;
Packet* svtkpkptw;
double sv..sync_bandwidth;
double sv-sync..pc;
int sv-restricted;
int sv_res-per
ilt sv--tkregistered;
Ici* sv-to -llc iciptr,
int sv-tk-trace -on;
) cp-fddi-naccp.state;

#~define prstatejnr ((cp-fddi-mac-tcp-state*) Sirnl_.ModStatePtr)
#define ring id pr.sae -. ,gd

#define TilT pr...state...ptr->svTHT
#define T'LReq pr-state-ptr->sv-T-Req
#dlefine TPri prsttept->sv TPri
#define my objid pr- stateDtr->SV v yobid

179



gdefirle spawnjoken pr-state-ptr->sv--.spaw,.i -token
#diefine my adiiess prstatfc pti->sv-mygiddress
#define orij src-adds pr state..pti-- sv-orig.-src -ad dr
#define tkpvkpt, pr.state-pjtr->sv-Ekpkptr
#define syncjibandw idth pr. slate-, rtr->.sv-s-y--.-band-width
#define 5yncjpc p -State-p- >sv-SYTIC-pc
#define; restricted pr-.state~pr>sv reSiricted
#tdefine res...pee pr .statepIT->sv -re.3_peer
#define t&.registeredi pr-state-ptr->sv._tkjegistered
#define toUc-ici-ptr pr...state-ptr->sv-_to_lIjc-ici-ptr
#define tk-traceon pr state__?tr->sv-tk .trace~on

/* Process model interrupt handling procedure *

void
cpjfddi_mnac_tcp (

/* Packets aad ICI'! ,/
Packet* mac-framne-Pt;
Packet* pdu..ptr;
Packet* pkptr;
Packet" data-..pkptr;

/* Packet Fields and Attributes *
int req-pri, svc -class, reqjtk class;
int franjie-Colrol, src-addr, dest-addr,
int pk -en, prijevel;

/* Token - Related */
int tic usable. res-station. tk-slass;
iut current.-tk-class.
double accumn-sync;

/* Tmer - Related */
double txjime, timer-remaig, accumbandwidth,
double tlWtyalue;
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/* Miscellaneous */

int i;
int spawn -station, phy-arrival;
char errorstring [512];
int numframessent, numbits-sere;

/* 26DEC93: loop management variables, used in RCV_TK *
/* and ENCAP states. -Nix */
int NUMJPRIOS;
int punt;
int q-check;

/* 11SEP94: added creationtime */
double creation time;

FSM ENTER (cp_fddi_macjtcp)

FSMBLOCKSWITCH

i
I*..................-------------------------------*1
/** state (INIT) enter executives **I
FSM_STATE ENTERFORCED (0, state0_enterexec, "INT")

* Obtain the station's address. This is an attribute */
/* of this process. Addressing is simplified by */
I* simply using integers, and only one mode. */
P* This mode is 16 bit addressing unless the *I
/* packet format 'fddimacfr' is modified. *I
my-objid = opjidselfo; /* 29DEC93 */
opma.objar._get (my-objid, "szation addrcss", &myaddress);

/* Register he station's object id in a global table. */
/* This table is used by the mechanism which improves */
/* simulation efficiency by 'jumping over' idle periods */
/P rather than circulating an unusable token. */
fddistationregister (my-address, myobjid);

/* Obtain the station latency for tokens and frames. */
/* Default value is set at 100 nanoseconds. */
FddiSt -Latency= 100.0e-09.
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op_ima-sim-attr get (OPC_IMADOUBLE, "stationlatency",
&FddiStLatency);

/* Obtain the propagation delay separating stations. */
/* This value is given in seconds with default value 3.3 microseconds. */

FddiProp-Delay = 3.3e-06;
opimasim-atrget (OPCIMADOUBLE, "prop-0elay", &Fddi-PropDelay);

/* Derive the Delay for a 'hop' of a freely circulating packet. *1
Fddi_Tk_HopDelay = Fdi_-rop_ Delay + FddiStLatency;

/* The TPri U state variable array supports priority */
/* assignments on a station by station basis by *i
/* establishing a correspondence between integer priority */
/* ievels assigned to frames and the maximum values of the */
/* token holding timer (THT) which would allow packets to be */
/1 s,;nt. Eight levels are supported here, but this can easily */
/* be changed by redimensioning the priority array. */
/* By defawlt all levels are identical here, allowing */
/* any frame to make use of tte token, so that in fact */
/* priority levels are not used in the default case. */

/* 01JAN94: (8-i) is a quick attempt to impart different weighting */

/* scales on each priority level, and is not necessarily realistic.-Nix */
/* Be aware of integer-double arithmetic conflicts ie, 1/8 = 0. -Nix */

op.ima objatr.get(myobjid, "TReq", &TReq);

for (i = 0; i < 8; i--)
I

TPxi[i) = ((double)(i + 1.0)/8.0) * FddiTOpr;

/* printf("MAC INiT: TPrij%d] is %If; */
/* Fddi T Opr is %Ifn", i, TPd[i], Fddi_TOpr)9 */

/* Create the coken holding timer CiT) used to restrict the */
/* asynclironous bandwidth consumption of the station */
1fi-T = fddi-timer, -create ();

/* Create the tokeja rotation timer (TRT) used to measw e the */
/* rotations of the token, detect late tokens aud initialize *1
/* the. -TTi tier before asyuctwonous trann'smissions. *1

182



TRT = fddi_timercreate 0;

/* Set the TRT tire- to expire in one TIT */
TRTSET (my- address, op..simtime () + FddiLT. Opr);

I* Initialize the LateCt variable which keeps track. */
/* of the number of TRT expirations. */
LateCt = O;

!* initially the ring operates in nonrestricted mode *I
restricted = 0;

/* Create an Interface Control Inormation stvucture /
/* to use when delivering received trares to -de LLC. '/

/*1 1SFP94: changed to new formac, adding pri and cr time,*/

toUc_iciptr = opici-create ("fddimacind-tcp");

/* The 'tkregistered' variable indicates if the station */
1* has registered its intent to use the token. */
tk_.registered = 0;

/* Determine if the model is to make use of the token */
/* 'acceleration' mechanism. If not, every passing of the */
/* token will be explicityly modeled, leading to large */
/* number of events being scheduled when the ring is idle */
/* (i.e, no stations have data to send). */
op-imasim atru._get (OPCIMAINTEGER, "acceleratejoken",

&Fddi_T Accelerate);

P Obtain the synchronous bandwidth assigned */
/* to this station. It is expressed as a */
/* percentage of TRF, and then convened to seconds */
op_ ima obj-attrget (my-objid, "sync buidwidth", &syncpc);
sync-bandwidth = sync.pc * FddijTOpr;

/* Only one station in the ring is selected to */
/* introduce the first token. Test if this station is it. */
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/* If so, set the 'spawntoken' flag. */
/* opimasim_attr.get (OPC_IMA_INTEGER, "spawn station",

&spawnstation); */
/* snawn_token = (spawn staion = my-addrcss); */
/* If the station is to spawn the token, create */

/* the packet which represents the token. */
/* 14APR94 :the Lidges will spawn token in both rings */
/* -Karayakaylar */
spawn_token = 1;
if (spawn_ token)

I
tk.pkptr = op-pk_create_fuit ("fddi mactk");

/* assign its frame control field */
op-pkjldset (tk-pkptr, "fc". FDDIFCTOKEN),

/* the first token issued is non-restricted */
op-pkjnfd-set (tkjpkptr, "class", FDDITKNONRESTRICrED);

/* The transition will be made into the ISSU TK */
/* state where the tk_usdble variable is used. */
/* In case any data has been generated, pr set */
/* this variable to one.
tk usabie = 1;
}

/* When sending packets the variable accumbandwidth is */
/* used a- a scheduling base. Init this value to zero. */
/* This statement is required in case this is the spawning */
/* station, and the next state entered is ISSUE_TK */
accum bandwidth = 0.0;
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/** state (IMT exit executives **/
FSM STATE_-EXIT FORCED (0, statc0_exit-exec. -INW')

/*state ([NYU) transition processing ~
FSM_[NITCOIND (spawn tohen)
FPSMDFLTCOND
FSMITSTLOGIC CiMr)

FSMTh-ANSrrT SWITCH

I

/* state (FR-REPEAT) cer ectiives ~
FSM-STATE ENTEhRFORC-ED (6. stac6_emcrexec. FRREPA')

1
P Extrac the dG-stnabotl agidr=s of the frame. 0/
OPp.k-.gcJ.- (pkpr, -dest-addr". &cest addr).

" If the frame is for this statiMo make A COPY1
"' of die frame's data Gield and forward it tD
/* the NiShW layer. 0/
I. 14APR94: In order to scrd the frame& whicb arc e
/* addressed to the rtmote Ian. chec the Sddres dazabase
/P of remote lanm Frames adaressed to the remole Ian sbou 't
/f bc rcPC in the local TIGA -- TiS is a simple forwiarding *
/* decision algorithm, one of the tWldge's fnto
P4 - Karayalsaylar */

if((dcst--addr -= My.Addr=s)N(dw a-ddr > my..akdres))
I
1* record toWa size Of the frame (including data) *
pkjlen u ap...pk. .total.sizCSa (pkpt),

P decapsulatc the data con~ents of the frame
/* 29JAN94: a new field, "pni. has been added to 0/
/* the fddi_1k-ft packet formal in the paramelas
/0 Editor. so that outpui statistics can be
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/* generated by class and priority. -Nix */
oppk-nfdget (pkptr. "info". &datapkptr);
op._pknfd_gct (pkptr, "pri". &pri-lcvel).

/* The source and destination address are placed in the */
P' LLC' ICI before delivenng the frame's contents. */
op-ici-atr_sct (to.lc ici_ptr. -sz _addr". sr"- ddi

op-ici_.am-set (to_l_ici_ptr. "dcstaddr". dcstaddr);

/4 1 ISE194- added pri and a_time to fddimaciiii ici***/
/P both are needed for datit collecion**/

opjc aiam se (tollcici_pU. "pri". pn_level).
cp.pk-nfdjC tplpr. "a_time", &creation time).

op ic._attr_se (to_lIc_ic.ptr. "'a_tic". creaionjume).

opaIcI instal (IC_jk IcIptI).

P Because, as wted in the F RCV state, only the 0/
/a raine's leading edge has arrived at this time, the 0/
/0 complete frame can onl) be delivered to the higher /
P laya alfter the frame's traz.mussion delay has elapsed. I/
/I (since decapsulation of the frame daa otCZis has occu'W. I
P the original KA C frame length is used to calculate delay) /

tx..ume = (double) pkjicn / DDI_TX .RATE
op-pk-send_delayed (data pkptr. FDDI_LLWSTRM_OIT. tx_time);

/0 Note that the standard specifies that the original */
/0 frame should bt passed along until the originating station */
P receives ct. at which point it is stripped from the ring */
/* However. in the simulation model. thr is no interest */

/* in lemtit fth frarre comtinue past its destination unless 'V
/4 group addresses cut used. so that the same frame could be */
/* destined for several stations. Here the framxc is stripped */
J* for efficiency as it reaches the destination; if the model */
/0 is modifie', to include group addresses, this should be changed */
P so that the f: ame is copied and the ongical repeated. */
/1 Logic is aL.ady prestm for stripping the frame at the origin. */
op-p.kdcstroy (pkptr);

/I 14APR94 . the fratac belong to this ring should be repeated. */
/* Thus, local traffic is constrained.-- This is filtering decision */

P One of the bridge's function - Karayakaylar */
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elsel
/* Repeat the original frame on the r-ng and account for */
/* the lateucy through the station and the propagation delay */

/* for a singlc hop. */
1* (Only the originating sation can snip the frame). */

op.pk. send-delayed (pikptr. FDDI. PHflSTRM_OUT.
Fddi _StLatency + FddiProp_ Delay);

)
}

P/* state (FRREPE AT) exit executives **
FSMSTATE_EXIT_FORCED (6. state_..exit.exec. 'FRREPEAT")

I

/* state (FWKREPEAT) ransition pivmssing 'I
FSMTRANSIT_FORCE (JI. state t_.emerexec.;)
--------------------------------------

!** state (ENCAP) p,,ter ",ecut ,,.t %,*/
FSMSTATE_ENTERFORCED (8, stzte _enter.exoc. "ENCAP")

/* A frame has arrived from a highcr layer; place it in "pdur~". */
pdu_ptr - oppk_.get (op_intrptstrm ());

/* Also get the interface control information */

/ associated with the new frame. /

ici-pt = op-intrpt-ici 0;

if (iciptr -- OPCNIL)

I
sprintf (error-string, "Simnulation aborted; error in object (%d)",

op__id_self ());
op-sim end (error-string. "fddi-mac: required ICI not received". . ...);

/* Extract the requested service class */

/* (e.g, synchronous or asynchronous). */
if (op.ici_attrexists (iciptr, "svcclass"))

op-ici-atget (iciptr, "svcsclass", &svc__lass);
else 5vc-class = FDDISVCASYNC;
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/* Extract the destination address. */
op-ici-atrget (ici-ptr, "dest-addr", &dest-addr);

/* Extract the original source address from ICI :16APR94 *
opjci..arget (iciptr, "src-addr-, &orig-src-addr);

/* If the frame is asynchronous, the priority and *f
/P requested token class parameter may be specified. ~
if (svc class = EDDISVC_ASYNC)

I
1* Extract the requested priority level. *
if (opjiciattr.jFxists (id-ptr, "pri"))

op-ciatt..get (i-Lptr, "pri". &req..pri);
else reqjri = 0;

P~ Extract the token clast (restrictred or non-restricted). *
if (op-ici-attr-e-xists (ici-ptr, "rtk~class"))

op-iciarrget (ici-ptr, "tk-chss", &req-tkslass);
else reqtk class; = FDDlTKNONRESTRICTED;

/* Chew-ck for the defau-It TO! vaitues:if they are not present *1
/* compose the frame: 21APR94 *
if( dest-addr != orig-src.addr){

f* Compose a mac frame from aA these elements. *

/4- 11 1SEP94: mac frame format is changed to fdd-mwj-rjtcp***/

mac-frame-ptr = op..pk - reate-fint (-fddi_mac_fr_tcp-j;
op..pknfdset (macjr _..ptr. 41SVCclgSS". svc-slass);

op.pkjiffoset (macjrane.ptr, "dest-addr'. dest-ad(r);
/*op.pknfdse (mac frame-ptr. "srcaddr". my..address);'/
1' here original source address should be kept in mac frame: 16APR94~'
op-pkjifd-set (mac-frame-pr. -srcaddr". origsrc.addr).
oppknfd-set (macjframe..ptr. "info", pdu--pr);

/* 11ISEP94: cr-time is added to the MAC frame (Obits) berzause it*/
P* is needed for calculations, but taken out of the LLC frame ~

opici-atr.get (ici-ptr, "crjime". &creationkjime);
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oppknfd__set (macjframejntr. "cr trme", creation-time);

printf("Wnest-addr = %5d~n",destaddr);
printf("origsrc_adclr= %5ft",orig~srcjzddr);

if (svc class - FDDISVCASYNG)

op..pkjifd-set (mac-frame,-ptr, "tkciass", recijkclass);
op-pkjifd.set (mac-fraie-ptr. "pri". reqpri);

/* 04JAN94: if thc. frarue is synchronouF. assign it a separate *
/* priority so that it may W~ assigned its own subqueue, and *
/* thereby be assigned its own probe for monitoring. -Nix *
if (svc-class == FDDI-SVCSYNC)

I

f* Assign the frame control field, which in the model ~
/* is used to distinguish between tokens and ordinary '
/* frames on the ring. */
op-pk-nfd-st (macjframe, ptr. "Wc'. FDDIFCP-.RAMV)

/* Enqueue the frame at the tail of the queue. */
/* 27DEC93: at the tail of the prioritized queue. *
1* 04JAN94: must distinguish between sytich & asynch. ~
if (svcslass == FDDJI.SVC_ASYNC)

opsubq4pIiasen (req-pri. tnac _frame~ptr. OPC QPOS Tf6 IL);

i (svc Class-xPDD 'SVCSYNC)

opsubqpkjnsmr (8. mac,,frame-ptr. OPC-QPOS_.TAIL);

/* if this station has not yet registered its intent to ~
/* use the token, it may do so now since it has data to send/
if (!tkjcegistered)

I

fddi_tk_regster 0
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ik-registered = 1;
I

}/* end of if(dest-addr != orig-src addr) statement ~

Sstate (EPTCAP) enic executives /

FSMSTATEEXITFORCED (8. state8-exit exec, "ENCAP")

/"'state (ENCAP) tratition processing
FS MTRANS IT-FORCE (1, statelI_enter-ex'ec,)
/*---------------------------.................
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APPENDIX K

TCP RING 1 LLCSRC MODULE CODE
"spjfddigen-jcp.pr.c"

/* Process model C form file: spjfddi_gen_tcp.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>
#include "sp-fddi-gentcp.pr.h"
FSMEXTDECS

/* Header block */

#define. MACLAYEROUTSTREAM 0
#define LLCSINKOUT STREAM I /'*I 1oA ° R9.,*/

#define IP_INSTRM 4/*IISEP94*/

/* define possible service classes for frames */
#define FDDISVCASYNC 0
#deftne FDDI-SVCSYNC I

/* define token classes */
#define FDDI TKNONRESTRICTED 0
#define FDDITK RESTRICTED I

/* define output statistics */
#d&fine RATIOOUTSTAT 0
#define INKSTATUSOUTSTAT I

/* link-status constants 30 JUL94*/
#define GOOD 0
#define BAD 2

/* history trend constants 30JUL94*/
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#define DOWN 0
#define UP 1

/* redefine absolute value function for floating pt values 28JUL94*/

struct history element
!~format for linked list of history values 26JUJL94*/

int nuz~rrs;
Struct history-..element *nlext;

I*historjy;

/* function declaration 28JUL94*/
struct historylement *crete1jstoryo;

/* State variable definitions *
typedef struct

I
FSMSYS_-STATE,
Objid sv_mac _objid;
Objid svjnyjd;
imt svstation-addr;
int sv-src-addr;
Int sv-ppp-.pid ii;
int sv-ppp-pidj;
Ici* sv-mac-iciptr;
lci* svjlc-ciptr,
Packet* svpkptr 1;
Packet* svjipppiqnprl;
Packet* Cv.pp..pp% 2
int sv--bist-len;
int sv link status;
int sv~pkts in error;
double sv_old_ratio;
) sp-fddi..gentcp-state;

#define pc-state-ptr ((spjfddi-gen-tcp-state*) Sim]_ Mod_StatePtr)
#deflne mac-objid pr-state-ptr->sv-mac -objid
#define my-id pr..staeptr->svmy-id
#define stationaddr pr-state-jtr->sv-stationaddr
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#define src-addr pr-state~plr->sv_src-addr
#define pppjpidjih pr-state-r>Svpppp-id-b
#define ppp-pid_1 pr-.state-ptr->Sv.ppp..pidI
#define mac-iciptr pr.,.statept->sv mac_iciptr
#define Uc-iciptr pr-state-ptr->sv_11c -ciptr
#define pkptrl pr-state-ptr->sv..pkptrlI
#define ppp-pkpr pr-stte.ptr->sv-ppp_ _pkptr 1
#define ppp..pkptr2 prsttetr->svppppkptr2
#define hist-len pr..state-pbt-svjhistjlen
#define link -status pr..state~ptr->sv-link-status
#define pkts-izLerror pr-state-p-sv.pktsjn1Tfor
#define old-atio prsatejnr->sv_-old-ratio

I* Process model interrupt handling procedure~

void
sp-fddi-genjtcp0

Packet *piqlr, *jp-pkpa1;
jut pklen;

int dest-addr;
int ij, restricted;
iut pkL-prio;
int num-errors;
double new-ratio, upper~.thresh, lower..thresh;
double LQR-trans delta;
double creation -time;
Ici *ipicipr;

FSMENTER (spjfddi-genjtc,)

FSMBLOCKSWIH

/* -------------------------------------------
/** state ([NiT enter executives **/
F'SMSTATEENTERUJNFORCED (0. stateO-ente-txec, "N'
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/* determine id of own processor to use in finding attrs */
myjid = op_id_self 0;

/* determine object id of connected 'mac' layer process */
macobjid = op topo assoc (my-id, OPCTOPOASSOC_ our.

OPC_OBJMTYPEMODULE, MACLAYER_OUTI_STREAM);

/* determine the address assigned to it */
/* which is also the address of this station */
op_ima~objattr_get (mac objid, "stationaddress", &siationaddr);

/* set up history array (dynamically allocated) which will maintain */
/* number of errors in each monitoring packet rcvd. The number of */
/* values (length of the array) saved will be determined by an */
/* environment attribute. 21JUL94 */
op_imaobjattrget (my-id, "history length", &hist.len);
history = createhistory(histjlen),
printf ("HISTORYn");
if (opsim debug- = OPC TRE)

I
for (i= I;i<=hist-len;++i)

I
printf (-%d ",history->numerrs);

history = history->next;
I

printf ('Nn");
}

/* 11SEP94 set up ICI structure */

maciciptr = opjicicreate ("fddi_macreq_tcp");
!lc-iciptr = op-icicreate ("fddi_ma_indptc");

/** blocking after enter executives of unforced state. **/
FSM_EXIT (l,sp_fddi..genjtcp)

/** state (IN1T) exit executives **/
FSMSTATE_EXIT_ JNFORCED (0, stateOexitexec, "INIT')
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/** state (INIT) transition prucessing **/
FSM_TILANSIT_FORCE (1, statel eter exec,;)
/* ----.------..............--------------------------------- *

/** state (ARRIVAL) enter executives **/

FSMSTATE_ENTERUNFORCED (1, statelenterexec, "ARRIVAL")

/* This station should receive frames from the other Ian as long as */
* there are frames in the input streams addressed to this lan */

/*check if the interrupt type is stream interrupt and from the CDL*//* 12APR94*/
if((opjintpttype() =- OPCLNTRPT..STRM)&& (op intrpt_strmO!=

IPIN-STRM))
I
/* if it is, get the packet in the input stream causing interrupt */
/* modified for PPP i 2JUL94 */
ppp-pkptrl = op.pkget(op-intrpi.strmO);
/* determine type of PPP packet 12JUL94 */
op-pknafdget(ppppkptrl."pid-h", &ppp-pid h);
/* case on pidh: 00 -data, OxcO - control 13JUL*/

switch (ppppidjh)

I
case OxOO: /* if data, strip header and send as F'DDI frame */

/P strip off PPP header 1 2JUL94*/
if (opsim._debug()==OPCTRUE)

I
printf ('pkt rcvd at sp: data\n");
nu rr_errors

=op-td-get-int(ppppkptrl .OPCTDAJr.NUMERRORS);
printf ("number of errors in data - %dn",num errors);
I
op__pk.nfdget(ppp..pkptrl ,FDDlframe",&pkptr i);
op_.pkdestroy(ppppkptr 1);
/* get ICI associated with FDDI LLC frame IISEP94*/
Uc-iciptr = op.pkiciget (pkptrl);
/* get the destination address of the frame: I1SEP94 */

opjici-attr-get(Uc-iciptr, "dest-addr", &dest-addr);
/* check if this frame is for the remote bridge station(bridge in surface

lan) */
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if(destaddr == station addr)
I
/* if it is, sind the packet to lic_sink directly */
/* in order to prevent overhead of mac access */
op-ici install (11c iciptr);
op_.pk send(pkptr 1, LLCSINKOUT_STREAM);/* 19APR94*/
}
else
/* this packet is to send to mac */
I
/* determine the source address of the frame */
op-ici attgeY.' cj iciptr, "srcaddr", &src.addr);
/* set up qn ICI structure to communicate parameters to */
* MAC layer process (initialized in NIT state)*/

/* place the original source address into the ICI *//* 16APR94 */
/* "fddijmac-req" is modified so that it contains the original */
/* source address from the local lan(collection platform) */
op-ici_attr set(mac_iciptr, "src-addr", srcaddr);
/* place the destination address into the ICI */ /* 12APR94*/
op-iciatirset(mac-iciptr, "dest addr", det.addr);
/* assign the service class and requested token class */
/* At this moment the frames coming from the remote lan are assumed */
/* to have the same priority as synchronous frames in order not to

accumulate */
/* packets on the bridge station mac and instead to deliver their

destinations */
/* as soon as possible */
/* 10SEP94: I don't know why Selcuk did this, so I'll leave the values*/
/* but change to conform with the new packet/ICI formats */
op-ici-attr set(mac-icip r, "svc-class", FDDISVCSYNC);
op-ici-attr-set(mac-iciptr "pri", 8);
op...ici-attr-set(macjiciptr, "tkclass", FDDITKNONRFSTRICTED);

op-ici attrget1c-iciptr, "cr_time", &creationtime);
u _ici-attr.set(macjiciptr "cr-time", creationtime);
€" send the packet coupled with the ICI */
',, ici-install(mac-iciptr);

op-pk-send(pkotrl. MACLAYER_OULTSTREAM);

break;
case OxcO: /* either m~nitoring packet or LQR */

oppk nftget (pprpkptrl ,"pidl",&ppppidjl);
switch (ppppidl)
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I
case Wx 1: /*zonitoring packet*/
printf ("MONITORING PACKET RECEYVEEM");
nIM _errors

=opgetint(ppppkptr-.OPCDA PTNUMERRORS);
printf (" NUMER OF ERRORS -->0/M",nuim_errors);
if ((num errors != 0) && (history->nurn_errs=O))
pktsjn.error++;
else if ((num-errors ==0) &,& (history->numL-errs !=0))
pkts-inerror--;
printf (" TOTAL NUMBER OF PACKETS IN ERROR --

>%d\n",pktsjinerror);

history->num-errs = nuin errors;
history = history->next;

if (opsim~debugO=OPCR~ij)
P~ prinlt out history values 30JUL94 *
I
for (i= 1;i<=histlen;++i)

printf ("%d ",bistory->aumx.errs);
histo.7 = history->next;

printf ('kgi" ;

op-pkdestroy (ppp-pkptr 1);

new-ratio = (double)p'Ts-in-error/(doubie)bist -len;
P* outstat(0) will be a record of the ratio 8AUG94*/
opstatjocal_write (RATIQO OTTSTAT, new ratio);
opjrna_0bjatrget (ny-id, "LQR transmission delta",

&LQR-rans delta);
if (op~simndebug0=OPC_TRUE)
printf ('LQR delta - %f new_ratio - %f old_ratio -

%f"LQRtrans-delta~new-ratio~old-ratio);
/* 8AUG94 This condition allows for tolerance in the ratio

calculation(division) */
if (abs(new-ratio - old-ratio) >= LQR-trans-delta)
I
ppp-pkptr2 = oppksreate -fmnt("ppp");
op~pk~nfd..st (ppp-pkptr2, "pidji", OxcO);
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oppkjifd_,wt (Jpppkptr2. 'pid_1', 0x25).

opMaohjatll~ge( (my-id. -upper hysteresis threshold",
&kuppei jhresh).

OP -ma-obj -atu-S.et (my _id. -!owei hysteemsis threshold".
&Iowcr threh),

/* status GOOD 0or BAD 2trend = UP I or DOWNO02AUG94*/
if (ncw-ratio >= uertagsh)

link-status a BAD;
else if (new-ratio <-m lowcr-thresh)
link-status = GOOD;
else link-status =link 3tus - (link-status % 2);f* remove trend value*/

/* outstat( I) will moritor link status 0-GOOD 1 -BAD 8A1 1094*1
c'pstar 1ccil w rite (LINKSTATUJS_OUrSTAT. cdoub';) (link-status/

2));

/* trend will change each time ~
if (new raio > old-ratio) /*up-trend *
link-Status += UP;
else link-status += DOWN;

op..pk-jfd-set (ppppkptr2, "LQR_ nfo". link..-status);
if (opsim debugo==OPCTRUER;

printf ("resulting LQR pkct~n");
oppkprin(ppp.pkptr2);

old-ratio = new ratio;
op-pk-send (ppppkptr2. LLCSINK,.OtTSThEAM);

if (op sim debugo==OPC_TRUE)
printf (" Latest ratio: %Anf.new-atio);
break.-

case 0x25:/*LQR from cp - not implemented yet*/
break;
default:
printf ("ERROR: UNKNOWN PPP PACKET -

pid 1=Ox%x\f",ppppid 1);
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op.,pk-destroy (ppp-pkpur 1).
break;

break,
defailt:

printf ("ERROR: UNKNOWN PPP PACKET1 -

pid-j=Ox%xM".ppp-.pid-.;
op-pkAestroy (ppp..pkpt 1);

break;

else 1P it should be an IP dgram ,
if(op-ifltrpt-typo() -OPCDIRPTSTRM)&& (op-inrpt.strmQ c

IPJN..STRM))

P~ get EP dgram and associated ' CI
ip-pkprr = op..pk~gez (JPIN-STRM);
ip--ciptr = op-intrptjcio;

P crate an LLC frame to send to MAC *
P~ ICI initialized in MNI state */
pkptr = op...pkaeate._fmt ("fdIlc~fiqtc');

op...pkjifd..set (pkptr, "datagram'. ip-pkpw);

op-ci-tt..get (pipcptr."dest.addrX &dest,.Mdri);
if (dest-addr <= 9)1P destined for other LAN*/

I
op-ici-attr-set (llc-icptr,"dest-addr". dest-addr);
op-ici-atta-set (llc-cipr,"src.addr". station-addr),
op-ici-arY.set (Uc-iciptr."pri". 0);
op-ici-am-set (llc-ciptr."ajime", op-simjimeo);

/*install LLC ICI and send frame to LLW sink *

op-ici-install (llc-j-ciptr);
op...pk-send (pkptn',LLCSINKOLIT-.STREAM);

else P* destined for tbis LAN, so send frame with MAC 1IC!
I
/* place the destination address into the ICI*
op-ici-attr-set (macj- ciptr, 'dest-addr". dest -addr);
/* place the source address into the ICI *//* 17APR94*/
op-ici_atrset (macjiciptr, "src-addr", station adir);
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I' as,'iagn svc-Slas. tokren ciass, and pri lAW RFC 1390 %/
OP-icl-d -Se. (Mac-.icipti. -svc_class-. BDDISVCASYNC);

OP mc-irmsct (maw.-icptr. -pri".0).
/I R~equest only nonrestriccrd tokens after transmission ~
op-ciam-.sct mac-iciptr. ,~ a~" FDDL-TK..NONRESTRICT7ED);
opjcmatr_,Cl (ma:-acipti-. -crumcrne'. .samjfimeO);

op-ici-irstall (mac-iciptr).
op-pk-snd (pkptr. MACLAYER_-OUTSTREAM);

, blocking after- enter executives of unforced state. *.i

FSM-EXIT (3.sp -fddiL-gen-.tcp)

/** state (ARRIVAL) exit executives ~~
FSMSTATE_-EXITUNFORCED (1, state Iexit-exec, "ARRIVAL")

/ state (ARRIVAL) transition processing ~'
FSMTP.1ANSITFORCE 0I. state I -enter-exec,;
/* ------------------------------- --------

FSMEXIT (O.spjfddi-gen..tcp)

void
sp.-ddi-geri-tcp-svar (prsptrvar__arne~v arpptr)

sp-fddi-getcp.state*prs.-ptr;
chui *var neurte, **varp.ptr;
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FIN (sp jddigeni..tcp svar (prs~ptr))

*vrp-CI. = VOSNIL;
if (VbsSrringEqua! ("mac-objid". var_namne))

*var-.p-ptr = (char *) (&prs~jnr->sv macobjid);
if (Vos..tringEqual ("my-id" . varjiname))

*var-p.ptr =(char *) (&prsptr->sv-my-id);
if (Vos-String-Equal ("station-adr" , var-name))

*vw.,p.ptr = (char *) (&prspr->sv.station addr).
if (Vos-String-Equal ("src -addr" , var-name))

*vap.pt = (char *) (&prsptr->sv_4rc.addr);
if (Vcs-Strin&-Equal ("ppp-pid-i", var-name))

*var-.p-.ptu = (char *) (&prsptr>svppppidh);
if (Vos~ting..Equa1 ("pppid-l" , varjlarre))

*varp-ptr = (char *) (&prs~r->sv.ppp..pidj),
if (Vos-String.-Equal ("mac-iciptr", var-namc))

*varpptr = (char *) (&prsjntr->svjoaacjciptr);
if (Vos String-Equal ('11c-ciptr" , var -name.))

*var-4-4tr - (char *) (&prsptr->sv.Jlciptr);
if (Vos-Sting-Equal ("pkptri" . vairnamt))

*va-p-tr= (char *) (&prs-ptr->sv-pkptr I).
if (Vos-Sning-jiqual ('ppp-pkptr " var_narne))

*var-p-ptr = (char *) (&prsptr->sv..ppp.pkptr 1);
if (osStringEqual ("ppppkptr2", var-namc))

*var p-ptr = (char *) (&prptr->sv~ppppkpr2);
if (Vos-Sting. Equal ('bhist-len" , var _name))

*varJ, PCI = (char *) (&prs~ptr->svjiistea);
if (VosSting..Equal ("ink-status" .var_ name))

*var-pU- (char *) (&prs~ptr-,>sv -link-starus).
if (Vos..Sting-Equal ("phs-in-efor" . var-nam))

'varJptr = (char *) (&Dr~torr->svDkts-'inCI-ror);
if (Vos-String-EquaI ("old-ratio" . var..name))

*var-p-ptr = (char *) (&prptr->svodjiio);

FIM

void
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sp-fddi-gen -tcpdiag (

Packet *pkptr, *jppkptr;
int pklen,
int dest_addr;
iflt ij, restricted;-
jut pkt..pri;;
int num-errors;
double new-ratio. upper thresh. lowerjbresh;
double LQK-trans-ielta;
double areationjime;
Ici *ip-icptr;

RIN (sp-fddi-.gentcp diar~0

FOUL

void
sp-fddi gr _tcptermiat (

Packet *pkptr. *ip4)kptr;
ilt pklen;
jot dest-addr;
int ii, restrcd;
int pktprio;
jut nunmerrors;
double new-ratio. upper-thresh, lowerjhrcsh;
double LQR-trans delta;
double creation-time;
Icj *jp-icjptr;

FIN (sp-fddi-gen tcp terminate,0

FOUIL
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Compcode
sp-fddi-gn-.tcp-init (pr. state-ppnr)

spjfddi-cntcpste**prstepptr;

static VosT_-CmObtypeobtype = OPQ-NIL;

FIN (sp-fddi-gn.tcp-init (pr state-pptr))

if (ohtype == OPCNIL)

if (VosCatmem-Register ("proc: state vars (spjfddigentjcp)",
sizoof (sp-fddi-gen -cp-state), N~bs-Nop. &obtype) =VOSOFAILURE)

FRET (QPCCOMPCODEYAIELURE)

if ((*pr _swae.pptr = (spjfddi..gen-tcp-state*) Vos_.Canem_Aboc (obtype, 1))
OPC NIL)

FRET (OPQ-COMIPCODE-!AIURE.)
else

(*pr state-pptr)->current-block = 0;
FRET (OPQ-COMPCODESUCCESS)

struct history clement *create~jiistory(size)
int size;

/* return a Pointer to tbe first element in a circular fink~ list ~

stflJct history-eement *p, *new.*stafl;
iflt i

for (iwl1;i<c=sizc;..-i)
I
printf ("inside on iteration %d %dfn".i.sizc);
new =(struct history-.element*)malloc(sizeoflstruct history-eleznent)).
if(!new)

I
print("EF' ROR: ME3MORY ALLOCATION');
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exit(l);

I
if (i=I)

p = new;

start = new;

else p->next = new; /* stick new element on end of list*/
new->next = NULL;

new->num.ers = 0;
p = new;

p->next = start;
return (start);
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APPENDIX L

TCP RING 1 LLC..SINK MODULE CODE
"spjddi-sink-tcp.pr.c"

/ Process model C form file: sp_fddi-sink.pr.c */
SPortions of this file Copyright (C) MIL 3, Inc. 1992 */

1* OPNET system definitions */
#include <opnet.h>

#include "spfddi-sinklpr.h"
FSMEXTDECS

/* Header block */

/* Globals */
/* array format installed 20JAN94; positions 0-7 represent the asynch priority levels, PRIORITIES
+ 1 */
/* repr:esents synch traffic, and grand totals are as given in the onginal. */

#define PRIORITIES 8/* 20JAN94 */
#define XMITERBUSY 0/"10MAY94 /

#define LLC_SOURCEINPUT STREAM 1 /*26JUL94*/
#dkefine MACINPUTSTREAM 0

static /* 05FEB94 */
double fddi2_sink accumdelay = 0.0;
static /* 05FEB94 */
double fddi2_sink_accum-d.clya[PRIORJTIES + I] = 10,0. 0.0.0.0, 3.0. 0.0. 0.0. 0.0,
0.0.0.0);
static /* 05FEB94 */
int fddi2_sinktotal.pkts = 0.

static /* 05FEB94 */
int fddi2_sinkjotalpktsalPRIORITIES + 1] = 10. 0. 0, 0, 0. 0, 0, 0, 0);
static /* 05FEB94 */
dot, h-le. fldi2 sinik twl w -nn0
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static /* 05FEB94 */
double fddi2_sink total_bits_ [PRIORlTJES + 1] = (0.0, 0.0, 0.0, 0.0, 0.0. 0.0, 0.0. 0.0,
0.01;
static /* 05FEB94 */

double fddi2_sink.pe ak delay = 0.0;
static /* 05FEB94 */

double fddi2_sink_peakdelay-a[PRIORITIES + 21 = 40.0. 0.0, 0.0, 0.0, 0.0, 0.0. 0.0, 0.C,

0.0);
static /* 05FEB94 */
ilt fddi2_sink_scParwte = 0;
static /* 05FEB94 */
int pri2_set = 20; / 20JAN94 */

double busy = 0.0; /* 10MAY94 */

/* Statistics used for command link:21APR94 */

static
int fddilp2_total pi = 0;
static
imt fddilp2_total_vktsa[PRORrES + 1] = 40, 0, 0. 0, 0, 0, 0, 0, 0);
static
double fddilp2 totalbits = 0.0;
static

double fdclilp2_.total-bits.a[PRIORITIES + 11 = (0.0, 0.0, 0.0, 0.0, 0.0,0.0, 0.0, 0.0, 0.0);

/* Externally defined globals. */
extern doublefddi-t-opr [];

/*12JAN94:atr-ibutes from the Environment file */

double Offered-Load; /* 12JAN94 */

double Asynch-OfferedLoad; /* 12JAN94 */

/* transition expressions */
#define ENDOF SIM op-intrpttype0 = OPCIN1'RPT_ENDSIM

/* State variable definitions */

typedef struct
I
FSM ";YS_ STATE
Gshandle sv tbru2.gshandle;
Gshandle sv-m2jdelay-gshandle;
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Gshandle sv-ete2_del ygshandle;
Cshandle sv-tru2gsbandlea[ 10];
Gshandle sv_m2_delaygshandle-a[l1;
Gshandle sv-ete2_delay-.gshandlea[9];
Gshandle sv-2.gshandle;
GshandIe sv-2.gshandle-a[ 10];
Objid sv-my-d;
I spjddisink..state,

#define pr-state-ptr ((spifddi-sink_state*) SimiMod_,StateyPtr
#define tbruZ-gshandle prstate _ptr->svmtr2-shandL'e
*define m2_delay-.gshanclle prstate-pt->sv -m2_-delay-gshandle
*define ete2_delay Ishandle pr...state.ptr->sv.ete2_delaygshandle
#define thni2.gshandle-a prstateptr->svhru2gshandle-a
#define m2-delay..gshandlea prstateptr->sv ,m2_delay-gshandl.ea
#define ete2_-delay-gshandke-A pr _state-.pw->sv ete2_delay..gsbardle -a
#define t2g9shandle pr state-ptr->sv t2...gshandle
#define t2..gshandle_a pr stateptr->svj.2-gshandle.-a
#Jefifie my-id prstate-ptr->svjny-d

/* Process model interrupt handlint procedure *

vo.'
spjfddi-sink (

double delay, creat-time;
Packet* pkptr;
Packet* ppp..pkptr;
Packet* pkptrl ; /*5AJYR94*I
ilt srcaddr, myadr;
int dest-addr/* 14AFR94*/
Ici* frorn~macjici..ptr.
double fddi-sink-t
char pkjormat[11;
imt input-streaml;
iilt fd-index, FDDI-frame.. Xiz;
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FSMENTE_ (sp_fddi_sink)

FSMBLOCKSWITCH

{/* .........................................................- *

/** state (DISCARD) enter executives **/
FSM..STATEENTERUNFORCED (0, stateOenterexec, "DISCARD")

{
/* determine the type of interrupt */

switch(op-intrpt-typeo)

!* check if transmitter is biisy --V
case OPCINTRPTSTAT:

I
busy = op statlocalread (XMITIER_BUSY);

break;
I

/* check if a packet has arrived */
case OPC_INTRPT_STRM:

I
* get the packet*/

inputstream = op-intrpt-strmo;
pkptr = oppkget (input-stream);

op.pkformat(pkptr,pkjformat);

/P if the packet is a ppp control packet from the Uicsource */
if ((strcmp(pkjformt,"ppp")==O) &&(inpucstream -

LLC_S OURCEINPLI_STREAM))

I
/P bypass all this and send pkt out on the command link */
}

else
I
/P assume this is a FDDI frame *1

frommac-iciptr = op intrpt ici 0;

/* 20JAN94: get the packet's priority level, which */
/ will be used to index arrays of thruput and delay */
/* computations. */
/* pri2_set = op-pk-priority._get (pkptr); doesn't work here */
op-pkjnfd-get (pkptr, "pri", &pri2__set); /* 29JAN94 */

/P determine the time of creation of the packet */
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oppk. .nfd_get (pkptr, "crjtime", &creatzime);

/* determine the dest address of the packet */ /*I 8APR94*/
op..pkfd_.get (pkptr, "dest-addr", &destaddr);

/* 7APR94:determine id Gf own processor to use in finding */

/* station address of the bridge node */
mylid = opjid selfo;

/* 14APR94: also get my own address */
op__ima objattrget ( myjid, "stationaddress", &my-addr);

/* destroy the packet */

/* op-pkdestroy (pkptr); */

/* 03FEB94: rather, enqueve the packet. This will be te */
/* first step toward developing a LAN bridging structure. */
/* -Nix */

/* op-subq__pkjinsert (pri-set, pkptr, OPC QPSTAIL); *1

/* 14APR94: check the frame passed to "llc" is destined for */
/* this station. If it is destroy the packet; if not, allocat, the packets */
/* to the command link transmitter since they are destined for the remote

lan */
/* -Karnyakaylar */
/* determine the packets coming from surface stations, this will */
/* be counted for local traffic */
/* 9(nine) is model specific, this is the "stationnumber" of */
/* collection platform bridge station */
if((destraddr = myaddr)&&(src addr > 9))

{
/* add in its size */
fddi2_sinktotalbits += op-pl:tota)_size.get (pkptr);
fddi2_sinktozalbitsa[pri2_set] += oppk_total_size .get (pkptr); /*

20JAN-20APR94 */

/* accumulate delays */

delay = opsim_timc () - creat_time;
fddi2_sink accum_delay += delay;
fddi2_.sink accum_delay a[pri2_set] += delay; /* 20JAN-20APR94 */

/ .keep track of peak delay value */
if (delay > fddi2_sink_.peakdeay)
fddi2_sink__peak-delay = delay;
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/* 20JAN94. keep track by priority levels as well 23JAN-.20APR94 *
if (delay > fddi2_sinkpeakdelaya[pri2 -set])
fddi2_sink-pek-elay-a[pi2..setl = delay;

op-pk~estroy (pkptr);

/* increment packet counter; 20JAN94 *

fddi2_sink~totaIpkts++;
fddi2snk-totaktapri2set++-

/* if a multiple of 25 packets is reached, update stats ~
1* 03FEB94i: [0]->[7) represent asynch priorities 1->8, *
f* respectively; [8] represents synchronous traffic, */
/* and [1 represents overall asynchronous traffc.-Nix ~
if (fddi2 sink_touzIpkrs % 25 ==0)

opstat_..globaLwrite (dhru2_gshandle,
fddi2_sink_total_ bits / op...simjime 0);

opstat-gobal-write (thu2gsande~a[pri2 -set],
fddi2_sink_total_bits_ajO] / op-sim-imeo);

op-stat-.gobal-write (thru2...gshandlea[0],
fddi2_.sink_total_bits_a I]I / op__simjime0))

opstat-gobal..write (thru2gshandle,.a[l],
fddi2_sink~total_bits-a[pi-2_.set] / opsimSime0);

op-.stat....gobaLwrite (tbru2_gsbandlea[2].
fddi2_sinkjtota_bits _a[2] / opsima~meo);

op-stat..global-write (thru2..gshandiea[3].
fddi2_sink_total_bits_a[3] / op...sini..meO);

op-stt-.global-write (tbru2..gshandle, alA],
fddi2_sink_total_bits _a[4j / op-sim...timeo);

op-stat.gobal-write (t2gsandlc a[5],
fddi2_sink~total__bits_a[5] / op...sim - meo);

op...statglobal-write (thu2gshandl..a[6],
fddi2_sink_total_bits_a[6] / op...simjtimeo);

op-star..globai..write (thru2_.gshaiidle..a[7],
fddi2_sink_total_bits_a[7] / opsim -timeo);

opstat-globalwrite (thu2-gshandle-a[81.
fddi2_sink_total_bits_a[81 / op-sim-time0);

/* 30JAN94: gather all asynch stats into one overall figure *
opstat..globPtwrite (thru2..gshandle.a[91,
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(fddi2,_sink_total-bits - fddi2_sink_total_-bits-a[81)/
op-siri~imeo);

/* (fddi2_sink_total -bits -a[O] + fddi2 -sink totALbits a[lI] + *
I* fddi2_sink-total bits-.a[2] + fddi2...sink-total -bits..a[31 + *
/* R~IM _sink -total -bits-a[41 + fddi2 sink-total-bits-a[51 + *
/:P fddiz sink total bits.-a[6] + fddi2...sia~k-total-bits-a[71D /
1, qpsiintimO); */

op-statgloal write (m2delaygsade

fddi2_ sink,-accum~delay / fddi2-sink-total-pkts);

op-statglobal-write (n2-delay-~gshandle-a[O),
fddi2_sink accum delay-a[O. / fddi2_sink topt..aO)

op-statglobal-write (m2.deay-gshandlea[ 1 ,
fddi2_sink-accum-del,,4ya[l] / fddi2_sink-totalpkts..a[l]);

op-stat-global-write (m2-aeay-gshandle-a[2].
fddi2_sinkaccuni.delay-.a[2] / fddi2_sink ItotaL-pkts-a[2]);

op-stat-global..write (m2Adelay.gshandi.~.a13I.
fddi2_sink-arAumdlay..a[3] / fddi2_-sink;_totaIpktsa[3]);

op-stat.global-write (m2Ldelay~gshandle-a[4],
fddi2_%ink _rccumjdelay..a[4] / fddi2_sink_ oalpktsa[4]);

op--statglobal..write (m2- .delay..gsbandk-._at5j,
fddi2.sink;.accum_.delaya[5J 11 fddi2 snk-totalpktsa[5]);

op...stat...globoflIwrite (m2delaygshandep.a[6],
fddi2_sink-accuzn-delay-a[6] / fddi2_sink-totral..pkts..a[6]);

op-statglob1lwrite (m2 delaygsadl..a17],
fddi2_sink-accum..Aelay-.a[7] / fddi2_-sink_- toalpkts-a[7]);

op-sa:gloa!write (m2 delay .. s aea[8],

fddi2_sink-accunjteay.a[1 / fdoi2_sink-toWtahpkts-a[81);

/* 30JAN94: gather all asynch stats into~ one figure ~
op-stat-rloba.-yrite (m?._delay..gshandle-a[9j.

(fddi2_sink_accuzndelay - fddi2sink_accum-delay-a[81)/
(fddi2_sink-total..pits - fddi2-sinkota..pLts_a[8])),

/* (fddi2_sirtk.accum_-delay-a[0] + fddi2_sink~acc-um_delay_ a[lI)+V
/* fdi2_sink-accum-jielay-a'.2 + fddi2_sink-accumdelayal3] + *
/* fddi2_sink-accurnuielaya[4] + fdd12-sitAk-ac m-.delaya[5] + *
1* fddi2-sin.Laccum-delaya61 + fddi2-sink-.accum...delay..a[7I) /*
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/* (fddi2-sink total.pkts alO] + fddi2_sink-totalpktsa[ 11 + "
/* fddi2_-sink _otalpktsa[2] + fddi2_sink_totalpkts-a[3] + *
/* fddi2_sink-totalpktsa[4] + fddi2_sink_total_pkts-a[51 + *
/* fddi2_sink_total.pkts.a[6] + fddi2_sink__total_pktsa[7])); *

/* also record actual delay values */
op-stat-global -write (ete2 - elay-.gshandle, delay);
op-.stat...globaLwrite (ete2,.delaygshandlea[pri2-set], delay);

)/*end of if(destaddr--my-addr)&&(srcaddr > 9)stateinent *

/* 20APR94: destroy the packets coming from the first Ian destined *
/* for this station.These packets are not counted for local traffic.*/
else if(destaddr = my-addr)
op-pk-estroy(pkptr);

"* Other frames passed to "Ulc" should be destined for other lan *
"* 18APR94 :allocate the packets to transmitter of command link *

else
I

P* add in its size ~
fddilp2 jotal--bits += op-pkjotal-size-get (pkptr);
fddilp2_otalbits.aipri2-set] += oppkotalsizeget (pkptr); /*

2OJAN-20.APR94 *

/* increment packet counter; 20APR94 *
fddilp2-totalpkts++;
fddilp2toaktsapri2set]+4;

/* if a multiple of 25 packets is reahed, update stv */
/* [0]->[7] represent asynch priorities 1->8, */
/* respectively; [8] represents synchronous traffic, ~
/* and [9] represents overall asynchronous traffic.-Nix ~
if (fddilp' totalpkts % 25 =0)

op-stat-globalwrit:: t2-gshandle.
fddilp2-total-bits / op-sim-time 0);

op-stat-Vgobal. -write (t2gshandlea[pri2set],
fddilp2joai.bits.a[0] / op-simj.-imeo);
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op..starglobal-write (t2_gshandlea[0],
fddilp2tolbitsa[ 1]I / op-simjimeo);

op-stat-gobaLwrite (t2_gshandle,..a[l I,
fddilp2obitsa[pri2 -set] / op-sim-ieo);

op-stat-global-write (t2gshandle.a[2],
fddilp2jtota.lbits-a[2] / opsimjtmeo);
op-stat-.global -write (t2_gsbandle-a[3],

fddilp2jotaLbits..a[31 / op-simimeQ);
op-stat-..lobal-write (t2.gsbanllea[41.
fddilp2.totaibits-a[4] / op-.simjtimeo);
op-stat..globaLwrite (t2-gsbandle_a[51,

fddilp2totaibits -a[51 / op~sim-imeO);
op-stat.global-write (t2..gshandle -a[6],
fddilp2jtotaLbits-a[6] / opsimjimeo);
op-stat-gobaLwrite (t2.gshandle .a(7],
fddilp2jtotalbits.a[7] / op-simjimeo);
op-stat-.gobai-write (t2-gshandle-a[8],
fddilp2jtotaLbitsat8l / opsim..simeo);

/P gather all asynch stats into one overall figure *
op-stat-global-write (tZ..gshandle..a[9],

(fddilp~total-bits - fddilp2_tota...bitsa[8])/
OP..simjimeO);

P* (fddilp2_total.bits a[OI + fddip~toalbits-af I] + *
/* fddilp2...totaLbitsa[2] + fddilp2j~otalbitsa[31 + *
1* fddilp2jtotai..bitsA[4] + fddilp~otal..bits.a[5] + *
/* fdilp2jtotai~bits4a6] + fddilp~tot&L.bitsa[7]) /*
/* op-.sim..simeo); *

1* 2 1A-PR94: allocate packets to the command link trdnsmitter ~
/* altered for ppp A1AUG94 */
ppp..pkpur = op-pk-aeatejfmt("ppp1").

op..pk-ifdset (ppp.,pkpti, "pid-h". MxOO);
op-pkjfd-.ser (pp-p.Lptr, "pid-l". Ox3d);
op-pkjifd-set (ppp-pkptr, "FDDI-frame", tvkptr);
I"'put ppp packet on subqueue to be x~mitted */
op-.subqj'kjnsert(O, ppp-.pkptr, OC.QPOS..TAIL);
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}/* end of else */
}/* end of else for (if ppp and from LLCsource) */

/* check if this subqueue is empty and transmitter is not busy */

if ((!opsubqempty(O))&&(busy = 0.0))

I
/*access the first packet in the subqueue */

pkptrI = op subq_pk remove (0. OPC QPOS HEAD);
/* forward it to the transmitter of command link */
op.pk,.send (pkptrl, 0);
I

break;
}/* end of case OPC_INTRPT_STRM statement /

}/* end of switch */

/** blocking after enter executives of unforced state. */

FSMEXIT (l,sp_fddi_sink)

/* state (DISCARD) exit executives **

FSMSTATEEXITUNFORCED (0. state()exit-exec. "DISCARD")

I

f** state (DISCARD) tramition processing **

FSMINITCOND (END .OFSIM)
FSMDFLTCOND
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FSMTF-ST_LOGIC ("DISCARD")

FSMTRANSUTSWITCH

f
FSMCASE_TRANSIT (0, 1. statel _enter_exec.;)
FSMCASETRANSIT (1, 0, stateOenterexec.;)

/* ----------------------------------------------------- */

/** state (STATS) enter executives **/
FSM_STATEENTER_UNFORCED (1, state] _aente exec, "STATS")

I
/* At end of simulation, scalar performance statistics */
/* and input parameters are written out. */
/* This is for command link throughput :21APR94*/

op-statscalarwrite ("CL Throughput (bps), Priority 1",
fddilp2_total.bits_a[O] / op-simjime 0);

op_ statscalar write ("CL Throughput (bps), Priority 2",
fddilp2_total-bits a[ 1] / op-sim time 0);

op-stat-scalar write ("CL Throughput (bps), Priority 3",
fddilp2_totaLbicsa[2] / op simreime 0);

op-stat-scalar write ("CL Throughput (bps), Priority 4".
fddilp2totalbits a[3] / op-sirmtime 0);

op statscalar write ("CL Throughput (bps), Priority 5".
fddilp2_totaLbits _a[4] / op sim time 0);

op-stascalar -write ("CL Throughput (bps), Priority 6",
fddilp2_total bits a[5] i op-simtime 0);

op starscalar write ("CL Throughput (bps). Priority 7",
fddilp2 total bits-a[6] / op smtine 0);

op-statscalar-write ("CL Throughput (bps). Priority 8",
fddilp2-total-bits-a[7] / op-simtime 0);

op-stat scalar write ("CL Throughput (bps), Asynchronous",
(fddilp2_totaLbits - fddilp2_totalbits a[8]) / OD sim_time ()
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/* (fddilp2_total-bits-a[O] +- fddilp2jotalbits..a[ 1I + *
/* fdciilp2total-bits-a[2] 4- fddilp2jotaIbits-a[31 + *
/* fddilp2_tota-bits.a4] + fddilp2_totalbitsa51 + *
/* fddilp2_total-bits-a[6] + fdilp2jtotal-bitsa[71) /*
1* op-sim-ime 0); *1

op-stat-scalar-write ("CL Throughput (bps), Synchronous",
fddilp2jotalbitsa[8] / opsim..Sime 0));

op-..statscalar-write ("CL Throughput (bps), Total",
fddilp2jtotal-bus / op...sim-timne 0);

1* Only one station needs to do this for the second ring(Ring l)*/
if (!fddi2sink..scalar-.write)

I
/* set the scalar write flag *
fddi2_sink~scalar-writc = 1;

op-.stat-scalar-write ("Mean End-to-End Delay- I (sec.). Priority 1",
fddi2_sinkc accum.-dlay.a[OI / fddi2_sink-total..pkts--a[OI);

op-stat-scalar-write ("Mean End-to-End Delay-l1(see.), Priority 2".
fdi2_sink-accum-delay-a[l 1/ fddi2_sink-ota-pkts..a[ 11);

op..stat-scalar-iwritc ("Mean End-to-End)Delay- I (sec.). Priority 3".
fddi2sink-acum-deIay-a[1 / fddi2jink-totaI-pktss..a[2]);

op...sta-scalar-write ("Mea End-to-End Delay- I (sec.), Priority 4",
fddi2_sink-accumdelay-a13] / fddi2_sinkjtozaLpkts-a[3]);

op...stat-.scalar-write ("Mean End-to-End Delay- I (sec.), Priority 5".
fddi2_sink-accum_deay.a[4] / fddi2_sinktotalpkts,_.a[4]);

op_stat_scala-write ("Mean End-to-End Delay- I (sec.), Priority 6",
Wdi2_sink-accuielay-.a[5] / fddi2_sinkjtotalpkts.a[51);

o~p..stat..scaar-write ("Mean End-to-End Delay- I (sec.), Priority 7".
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fdii2_sink-accumndeiay-a[6] / fddi2_sinktot1pktsa[61),

op-stat-scalar-write ("Mean End-to End Delay- I (sec.), Priority 8",
fddi2_sink_&iccum~deiay~a[7] / fddi2_sink..total..pktsa[7l);

opstat~scalar~write ("Mean End-to-End Delay- I (sec.). Asynchronous",
(fddi2..sink_accuxn delay - fddi2_-sink_accumndelay-a[8])/
(fddi2..sinkjtotal-pkts - fddi2_-sinktotal,.pkts,.aI8J));

/* (fddi2..sinkaccumndeiay-a[O] + fddi2sink-accum...delay-a[i] + *
/* fddi2-sink-accum-eay.a[21 + fddi2_sinkaccumkdelaya[3] + *
1* fddi2_sinkaccum..delaya[4] + fddi2jink_accumndeiaya[5] + *
1* fddi2..sink-accum-delay-.a[6] + fddi2_sinkaccumdelaya[7]) /*
1* (fddi2 -sinkotal.pktsa[O] + fddi2_sinkjtot ..pktsa[ 1] + *
/* fddi2...sinkjtotal..pktsa[2] + fddi2_sink total..pkts a[31 + *
1* fddi2_sinktotalpkts-a[4] + fddi2_sinkjotaI..pkts..a[51 + *
1* fddi2-sinkjotaljkts.a[6] + fddi2_sink..totalpktsa[7])); *

opsta..scaiar-write ("Mean End-to-End Delay- I (sec.), Synchronous",
fddi2_sink-accurn-delay-a[8] / fddi2_sink..wttalpks..8]);

ol~statscaiar-write ("Mean End-to-End Delay- I (sec.). Tobtal",
fddi2_sink-accurn-delay / fddi2_sink_total~pkts);

op-stat-scalar-write ("Throughput- I (bps), Priority 1",
fddi2-sinktoal-bits-aX)] / op-.sim-time 0));

op-stat scalar-write ('Thiroughput- I (bps). Priority 2",
fddi2_sink-total_bits..atI) / op_sim-time 0));

op-stat-scalar -write ("Th~roughput- I (bps), Priority 3",
fddi2 .sink_totalbits.a12] / op_sim-time ());

op- stat..scaiar~write ('Throughput- 1( bps). Priority 4".
fddi2_sink_toal_bis.a[3J / op-sun_time 0));

op-statscalar..wte ("Throughput-lI (bps). Priority 5".
fddi2..siak.-total_ birs...a[4J /iop-sim-time 0):;

op-stat-scalar-write ('Throughput- I (bps). Priority 6",
fddi2-..siik_total_bits-a[5J / op-sirn-time0)
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op-stat suiar write ('Throughput- I (bps). Priority 7",
fddi2_sink_totalbits.a[6] /,ap..simjime0)

op-.stat-scalar-write ("Throughput- I (bps), Priority 8".
fddi2_sink._total_bitsa[7] / op_sin_time ());

op-stat-scalar-write ("Throughput- I (bps). Asynchronous",
(fddi2 sink_total_bits - fddi2,_sink_total bits~a[81) / op-sim-ime )

1* (fddi2_sink-total- .bitsa[O] + fddi 2.sink~totalbits-a[ 1] + *
/* fddi2_sink-total-bits a[21 + fddi2_sink~total_bits a[31 + *
/* fddi2_sink _total bits a[41 + fddi2~sink_t~tal_bits,_a[5] + *
1* fddi2_sink_totaLbis.a[6] + fdi2_sink-total-bits a117]) /*

op-stat.scalar..write ("Throughput- I (bps). Synchronous".
fddi2,_sink_totalbits a[8I / opsim...time 0));

op-stat-scalarwte ("Thiroughput- I (bps), Total",
fddi2_sink_total_bits / op-.sirn-fime 0);

op...stat_scalar _write ("Peak End-to-End Delay- I (sec.), Priority 1",
fddi2_sinkpeak..delaya[O]);

op-.stat-scalar..wite ("Peak End -to-End Delay- I (sec.). Priority 2",
fddi2_sink~peak..d.Iayal 1]);

opstat-scalar_write ("Peak End-to-End Delay- I (.w, ), Priority 3",
fddi2_ sinkpe~caa2)

op-stat-scaar-write ("Peak End-to-End Delay- I (sec.). Priority 4".
fddi2_sink.peak.Aelay..a3]);

op..stat-scalar--write ('Peak End-to-Ead Delay- I (sec.). Priority 5",
fddi2_sinkpeak~deiay~a[4]);

op-stat-scalar--write ("Peak End-to-End Delay- I (sec.). Priority 6",
fddi2_sinkpeakdelay~a[5]);
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opstaLscalarwriw ("Peak End-to-End Delay-I (sec.), Priority 7",
fddi2_sinkpeakdelaya[6);

op-staLscalar write ("Peak End-to-End Delay-I (sec.). Priority 8",
fddi2_sink_,peakdelay_a[71);

op-stat-scalar-write ("Peak End-to-End Delay-I (sec.), Synchronous",

fddi2_sink..peak_deay. .a[8]);

opstat_scalar_write ("Peak End-to-End Delay-I (sec). Overall".

fddi2_sink-peak-delay);

/* Write the TTRT value for ring 0. This preserves*/

/* the old behavior for single-ring simulations.*/
opstat_scalar_write ("TIRT (sec.) - Ring 1",

fddiLtopt [1]);

/* 12JAN94: obtain offered load information from the Environment */
/* file; this will be used to provide abscissa information that */
/* can be plotted in the Analysis Editor (see "fddisink" STATS */
/* state. To the user: it's your job to keep these current in */
/* the Euvironment File. -Nix */
opa.sim _attrget (OPCjMADOUBLE. "total-offered-loadl",

&OfferedLoad);
op-imasim-attr get (OPCjMADOUBLE, "asynch.offered load 1",

&Asynch.OfferedLoad);

/* 12JAN94: write the total offered load for this run */
op_statscalar. _-ite ("Total Offered Load- 1 (Mbps)",

OfferedLoad);

op-stat scalarwrite ("Asynchronous Offered Load-I (Mbps)",

Asynch Offered-Load);

/** blocking after enter executives of unforced state. *

FSMEXIT (3,spifddi sink)
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I""" state (STATS) exit executives """I
FSMSTATE_-EXITUNFORCED (1, statel-exit-exec. "STATS")

/*state (STATS) transition processing "/

FSMTRANSiTIMSIG ("STATS")
1* ---------------------------------------- *

/* state (RqiT enter executives **/
FSMSTATEENTERFORCED (2, state2_enter-exec, 'NMMl)

1* get the gshandles of the global statistic to be obtained *
/* 20JAN94: set array format */

thu2.gshande.a[O] = op-.stat....lobaLreg ("pri 1 throughput- I (bps)");
thru2..gshandlea[ I = op-stat.giobal-reg ("pri 2 throughput- I (bps)");
thru2..gshandle,_.a[2] = opjtatgobaL-reg ("pri 3 throughput- I (bps)");
thru2..gshandle..a1 = op-stat...globaLjug ("pri 4 throughput- I (bps)");
thru2-gshandlea[4j = op-stat...lobal-reg ("pz-i 5 throughput- I (bps)");
thru2..gshande -a15 = op-statglobaLreg ("pri 6 throughput- I (bps)");
thu2_gshandle.a[61 = opstat.globaljreg (-'pri 7 throughput- I (bps)");
thu2.gshsndle.a1 = qp....staglobal-reg ("p96 8 throughput- I (bps)");
thru2...gsandle -a[1 = qp-stat--gobaLreg ("synch throughput- I (bps)");

th2u2.gshandle-a[9] = op...sti...obal-reg "'async throughpuit-I (bps)");
thru2-gshandlp. = op...sta.gobaLreg ("total throughput- I (bps)");

m2-delay-gshandle.a[0] = op-stat-giobareg ("p6i 1 mean delay- I (sec.)");
mZ deay-gshandle-a[lI] = op-.stat..globaLrug ("p6i 2 mean delay- I (sec.)");
m2jieay-gshandle.a(2] = op.. stat-jiobaLreg ("pri 3 mean delaiy- I (sec.)");
m2-delay.-shan~lea[3] = op...stat-.giobal-reg ("p6i4 mean delay- I (sec.)");
m2..deiay..gshandle..a[1 = op-stat-.globaL-reg ("pri 5 mean delay- I (sec.)");

-d-agshandleal[5] = op..stat...globaLreg ("pri 6 mean delay- I (wer.)');
m2...dciay..gshandle..a[6] = op..stat-global-reg ("pri 7 mean delay- I (sec.)");
m2 deay..gshandle a!73 = op-statgobIreg ("pri 8 mean delay- I (sec..)");
m2jlelay-gshande..M8) = op..stat-S..lobal-reg ("synch mean delay- I (sec.)");
m2-drlay...gshandle-a[9) = op-stat-glabaljreg ("async mean delay- I (sec.)");
m2 delay-.gshandie = op-.stat.gobrg ("oa man delay- I (sec.)

ue2Zeay-S.shande..a[0] = op...sta-Vobalreg ("p6i I end-to-end delay- I (sec.)");
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etc2deiay-gshandle-a[I] =op...staglobal-reg ("pri 2 end-to-end delay- I (sec.)");
ete2deay.gshandkea[2] = opstat..global-reg ("pri 3 ena-to-end delay- I (sec.)");
ete2_delaygshandlea[3] = op..stat...global. -eg ("pri 4 end-to-end delay- I (sec.)");
ete2jlelay-gshandle.a[41 = op-stat..global reg ("pri 5 end-to-end delay- I (sec.)");
ete2Aelaygshandle.a[1 = op-stat-globalrseg C'pri 6 end-to-end delay- I (sec.)");
ete2-delay.gshandle..a[6] = op-stat..giobal-reg ("pri 7 end-to-end delay- I (sec.)");
ete2-delaygshandle -a[7] = op-stat-globalryeg ("pri 8 end-to-end delay- I (sec.)");
ete2-delay..gshandle-a[8) = opstat.globalreg ("synch end-to-end delay- I

(sec.)");
ete2-delay-gshandle =op...stat....gobalreg ("total end-to-end delay- I (sec.)");

t2...gshandiea[OI = op-stat-globalreg ("pri 1 CL throughput (bps)");
t2....ghandle..a[1II = op-stat-global-reg ("pri 2 CL throughput (bps)");
t2_gshandle.A[21 = op...stat-.gobalrTeg ("pri 3 CL throughput (bps)");
t2...gshanudle-a1 = op-stat..global-reg ("pri 4 CL throughput (bps)");
t2....ghandle-a[41 = op..stat-global-reg ("pri 5 CL throughput (bps)");
t2...gshandle-a[5] = op...stat...globalreg ("pri 6 CL throughput (bps)");
t2...gshandle-a[6] = op-stat...giobalreg ("pri 7 CL throughput (bps)");
t2...gshandle..a1j. op-statglobal-reg ("pri 8 CL throughput (bps)");
t2.-gshandle..a[81 =op-stat..global-reg ("synch CL throughput (bps)");
t2...gshandle-a[9] op...stat....gobalreg ("async CL throughput (bps)");
t2...ghandle = op-.stat,global-reg ("total CL throughput (bps)");

I""state (INMT exit executives ""
FSM_STATE_EXIT_FORCED (2, state2_exit-exec, "[NMT)

/~state ([NIT) transition processing ~
FSM_[NqITCON]) (ENQ-OF9SIM)
FSMDFLTCON])
FSMTEST LOGIC ("IT')

FSM_TRANS ITS WITCH
f
ESMCASETRANSIT (0, 1. state'_ enter-exec,)
FSM_CASETRANSIT (1, 0, stae...enter..exec,;
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FSM-EXIT (2,spjddi-sink)

void
spjfddi-sink-svar (prs pvanamevar-p-ptr)

sp-ddisinkstate*prs-tr;
char *var _name, **varppi;
I

FIN (spifddisink~svar (prs-ptr))

-'var-J-ptr = VOS.N1L;
if (Vos-String-F4rial ("thru2..gsthandle" , var-name))

*vrp.ptr = (char *) (&pptr->svh2gshandle);
if (Vos.StringFqual ("m2j.elay.gshandle" , varjiname))

*varppr = (char *) (&prspt->svm2dea.gshandle);
if (VosString-Equal ("ete2_delay..gshandle" . var__name))

*var p-ptr = (char *) (&prspr->Svze2_elaygShandle);
if (Mbs-.String-.Equal ("thru2.gshandEtca" , varjiame))

*va~p~tr= (char *) (prsptr->sv thru2_gshandle..a);
if (Ilbs-String-Equal ("m2..dlay..gshandle -a" . var-name))

*varp.pt = (char *) (prs-jptr->sv-m2-deay-gshandlqea);
if (Vos-String-Equal ("ete2 delay..gsbandle..a" . var - ame))

*var..p-ptr = (char *) (prs-pt->sv...te2..elay~gshandlec a);
if (VosString_.Equal ("t2.gshandle" . varname))

*var..p-ptr = (char *) (&prs-r>svt2gshandle);
if (VosString-.Equal ('12.gshandle_&." . var~name))

*vrp-ptr = (char *) (prs-ptr->svt2gshande-a);
if (Vos String-Equal ("my-id" . vargxame))

*varp-pt = (char *) (&prs-ptr->sv-myjid);

FOUT,
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void
spifddi-sink_diag0

double delay, creat-txne;
Packet* pkcptr;
Packet* ppp-pkptr
Packet* pkptrl ; /*5APR394*/
int src--addr, my~addr;
int dest_add;/*4AR94*I
Ici* from-macic4,ptr;
double fddsinkuttrt;
char pkjformat[IO];
int input-stream;
mnt fd-index, FDDI-frame-size;

FIN (sp jddi-s'nk -diag 0)

IFOUL

void
sp fdi-sink~terminate (

f
double delay, creat time;
Packet* pkptr,
Packet* ppp...pkpwr;
Packet* pkptrl ; /*5MYR94*/
int srcaddr. my-addr.
in! destaddr;/* 14APR94 *1
Ici* from-mjac-ici-jtu;
double fddi_sink nitt;
char pkjfornar 101;
int input-saream;
int fd index, FDDI frami siz

223



FIN (sp-fddi sink terminate 0

Compcode
spjfddi-sink-init (pi state..pptr)

spjfddi-sink state**pr-state-pptr;

static VosTCmObtypeoltype = OPCNIL;

FIN (spjfddi-sink-init (prstate-pptr))

if (obtvpe == QPCNIL)

if (Vos_ Catmem-Regist&r ("proc state vars (sp fddi ink)",
sizeof (sp-fddi-sink-state), VosLNop, &obtype) == VOSC..YAELURE)
FRET (OPCCOMPCODEFAILURE)

if ((pr -state-pptir = (spjfddi-sink state*) bs CatmemAbOc (orp,1)=OQNL

FRET (OPC-COMPCODE_-FAILURE)
else

(*pr-smepptr->cujrjentblock = 4;
FRET (OPC-COMPCODE SUCCE-SS)
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APPENDIX M

TCP RING 1 MAC MODULE CODE
"spj'ddi macjtcp.pr.c"

Unchanged portions of this code have been deleted for brevity.

/* Process model C form file: sp-fddi-macjtcp.pr.c */
/* Portions of this file Copyright (C) MIL 3, Inc. 1992 */

/* OPNET system definitions */
#include <opnet.h>
#include "sp-fddi-macjtcp.pr.h"
FSMEXTDECS

/* Header block */
/* Define a timer suuctw-e used to implement */
/* the TRT and THT timers. The primitives defined to *1
/* operate on thesL timers can be found in the */
/* function block of this process model. */

typedef struct
f
int enabled;
double stai _time;
double accum;
double target-accum;
) FddiTTuner;

/* Declare certain primitives dealing with timer.s */
double fdditimerremaining 0;
FddiTTimer* fdditimercreate 0;
double fddi_tinier_value 0;

/* Scratch strings for trace statements */
char strO [512], strl [512];
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/* define constants particular to this implementation */
#define FDDIMAXSTATIONS 512

/* define possible values for the frame control field */
#define FDDIFCFRAME 0
#define FDDI_FC_TOKEN 1

/* define possible service classes for frames */

#define FDDISVCASYNC 0
#define FDDISVCSYNC 1

t* define input stream indices */
#define FDDI_LLCSTRMIN 1
#define iDDIPHY STRMIN 0

/* define output stream indices */

#define FDDILLCSTRMOUT 1
#define FDDIPHYSTRMOUT 0

/* define token classes */
#define FDDI_TKNONRESTRICTED 0
#define FDDITK_RESTRICTED I

/* Ring Constants */

#define FDDI_TX_RATE I.Oe+08
#define FDDISASCANTIME 28.0e-08

/* Token transmission time. based on 6 symbols plus 16 symbols of preamble */
#define FDDIC TOKEN_TXUv[E 88.0e-08

/* Codes used to differentiate remote interrupts */
#define FDDIC_TRT_EXPIRE 0
#define FDDICTK INJECT I

/* Define symbolic expressions used on transition */
/* conditions and in executive statements. */
#define TRT EXPIRE \

(op-intrpt-type () = OPQCINIRTR _REMOTE && op-intrptcode (-
FDDIC_TRTEXPIRE)
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#define TKRECEVEMX
phy-arrival && \
frame_.control = FDDI_FC_TOKEN

#define RC-fRAME \
phy-arrival && \
framecontrol -- FDDIFCFRAME

#define FRAME_ARRIVAL\
op_intrpt_type 0 - OPCINTfrI._STRM &&k
opjntrpt_strm 0 FDDI_LT C- 'STkNL.N

#define STRIPmyaddress == src_addr

/* Define the maximum value for ring-id. 1Tis is the*i
/* maximum number of FDDI rings that can exist in a*/
/* simulation. Note that if this number is changed,*/
/* the initialization for fddi_claimstart below must*/
/* also be modified accordingly.*/
#define FDDIMAXRING_ID 8

/* Declare the operative TTRT vaue 'TOpr' which is the final*!
/* negotiated value of TrP.T. This value is shared by all stations*/
/* on a ring so that all agree on its value.*/
double fddi t_opr [FDDI_MAX_RINGID];
#define Fddi-T..Opr (fddit._opr [ring.id])

/* This flag indicates that the negotiation for the final TIRT*/
/* has not yet begun. It is statically initialized here, and*/
/ is reset by the first station which modifies TOpr.*/
/* Ititialize to I for all rings.*/
static
io: fddi_claimstart [FDDIMAXRINGID]--,IIIIIII};
#define FddiClaimStat(fddiclaimstart [ring-id])

/* Declare station latency parameters. */
/P These are true globals, so they do not nee.' to be rrays. */
double FddiSt_Latency;
double FddiPropDelay;

/* Declare globals for Token Acceleration Mechanism.*/
/* Hop delay .,_ toke-n aCCe.leration ave tn-e globdas.*/
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double FddiTkHop jDelay;
static
int FddiTicAccelerate = 1;

/* These are actu.~ly values shared by all nodes on a ring,*/
/* so they must be defined as arrays.*/
double fddi-tic-block-base-time [FDDI vIAXRINGID];
#define FdiiTicBlockBase_Time(fddi tic block-base-time [ring-idi)

int fddi-tk-block-base_station [FDDI..MAX_.RINGLID];
#defiT!-z FddiTkBlockBase_-Station(fddi..tk-block-base-station [ringid])

imt fddi-tK-blocked [FDDIMAXRINGJIDI;
#define Fddi_Tic_Blocked(fddi tk blocked [ringid])

int fddi-numstations [FDDI_MAX_RING_ I;
#define FddiNuinStations(fddi-numistations liring-id])

int fddi-numregistered IFDDI-MAXRINGID];
#define FddiNumRegi.zeredffddi-ntim-regisiered [ring-idi)

Cbjid fddi-address-able IIFDDIMAXRING-JDI[FDDI-JAXS'rATiONS];
#define FddiAddressTable(fddi-address _table [ringid])

/" Below is part of the OPBUG 2081 patch, FR ended here, before. -Nix *

"* Event handles for the TRT are maintainea at a global level to */
P* allow token acceleration mechanism to adjust these as necessary *
P* when blocking and reinjecting the token. TRT-handle simply *
/* represents the TRT for the local MAC*/
Evhandlefddijt_handle [FDDI...MAXRINGID][FDDIMAXSTATIONS];
#rdefine FddiTh_-Hande(fd'di trt hanidle [riagid])
#define TRThandlt Fddi-ThHandle [my_address]

P* Similarly, the TRT data structure is maintained on a global level. *

FddiTTimer*fddi trt [FDDIMAXRINGID] [FDDIMAX_STATIONS];
#define Fdd-Th (fddi-tr [ring-id))
#definc TRT Fddi-Trt [my-address)

/* Registers to record the expiration time of each TRT when token is blocked. *
double fddi_tr-exp~fime [FDDlMAX_RINGID] [FDDIMAXSTAT"IONS];
#define Fddi-l-ExpTime(fddi...exptime [ringid])
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/* the 'LateCt' flag is declared on a global level so that it can be *
f* set at the urn ewhere the token is in.Iected back into the ring. *
mnt fddi-late-ct [FDDI MAXRING ID] [FDDI_MAXSTATINS];
#define FddiUtej-t (fddi-late_ct liring-id])
#define LateCt FddiLateCt [my-address]

P" Convenient macro for setting TRT for a given station and absolute time. *
#define TRTSET(stationjid~absjime)\
fddi_imer-set (FddiTh [station-id], absjime - opsim..simeO);,\
FddiTnHandle [station-id] = op-intrptLschedule-remote (abs-fime,\

FDDIC _TRT_EXP!RE, FddiAddressjable [stationid]);

/* State variable definitions *
typedef struct

I
FISM-SYSSTATE
int sv-jing-id;
FddiT...TImr* svT!T
double sv_T _Req;
double svTPri [8];
Objid sv...my..objid;
irn sv-spawn-token;
int sv-my-address;
int sv-orig-src-addr;
Packet * svj kptr;
double sv-sync-bandwidth;
double sv-sync..pc
int w-rstrictcd;
int sv-res-peer;
int sv_tk -registered;
Ici* sv_to-U_lcc~ptr;
int sv_tk_tr:!ce -on;
) spjfddimac.tcp.state,

#define pr-state-.ptr ((sp fddi_mac..tcp _state*) Simli.ModStateptr)
4defl ne ring-id prstatetr->sv_rine_id
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#define THT prstatejnpr->sv,flf
#define ]UReq pr-statejptw->sv..T-Req
#define TPri pr_state~prr->sv_T_-Pri
#define my-objid przstaw..pw->sv..my..bjid
#define spawn-token prstate-pw->sv-spawngtoken
#define my-address prstz...ptr-svjn yaddress
#define origsrc_adclr prstate~w->svorigsrcaddr
#define tkspkptr pr stateswt->svjtkskpr
#define syncjandwidth pr-state..pw->svsyncjandwidth
#define sync~pc prstaept->svsyncpc
#define restricted prstep->sv_restricted
#define res..peer pr-staiepw->sv r z~ne
#define tkregistered pr-statejnr->sv-tkg-egistered

#define tI~wace_on pr _state~pw->sv ta trace-on

/* Process model interrupt handling procedure ~

void
spjfddi mac _tcp 0

1* Packets and ICI 's ~
Packet* mac-framejntr;
Packet* pdu-ptr;
Packet* pkptr;
Packet* dazaspkptr;
Ici* icis-tr;

/* Packet Fields and Attributes *
int req-pri, svc class, reqjtk class;
it :framescontrol. src-addr. det -ajdr;

int pkjlen. prilevel;

/* Token - Related */
irn tk-usable, resstadion, tk-class;
int current aclss
double accumsync;
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/* Timer - Related */
double tx_time, timer_remaining, accum.bandwidth;
double thLvalue;

/* Miscellaneous */

int i;
int spawnLstatlon, phy-arrival;
char error-string [512];
int numframes_sent, numbits sent;

/* 26DEC93: loop management variables, used in RCVTK */
/* and ENCAP states. -Nix */
int NLJMJ'RIOS;
int punt;
int qcheck;

/* I1SEP94: added creationime */
double creationjime;

FSM__NThR (spjfddijmac-tp)

FSMBLOCKSWiTCH
I
1* ---------------------------------------- *
/** state ([NIT) enter executives **/
FSMSTATE_ENTERFORCED (0, state0_enter _ex, c, "N1T')

I
/* Obtain the station's address. This is an attribute /
/* of this process. Addressing is simplified by */
/* simply using integers, and only one mode. */
/* This mode is 16 bit addressing unless the */
/* packet format 'fddi-mac-fr' is modified. */
my_bjid = op_id_slfo; r 29DEC93 */
op_ima-obj-attr.get (my.objid, "station-address". &my-address);

/* Register the station's object id in a global table, */
/* This table is used by the mechanism which improves */
/* simulation efficiency by 'jumping over' idle periods */
/* rather than circulating an unusable token. */
fddistationjregistcr (my-address, my_objid);
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/* Obtain the startion latency for tokens and frames. *
/* Default value is set at 100 nanioseconds. *

Fddi_St_Lazency = 100.0e-09;
opjimasimatr.get (0PC_I1ADOUBLE, "station-latency",

&FddiStLatency);

/* Obtaia the propagation delay separating stations. ~
1* This value is given in seconds with default value 3.3 microseconds. ~
FddLPropDlay = 3.3e-06;
opjia-simar.get t(OPQjMADOUBLE, "prop jelay", &Fddi-prop Delay);

/* Derive the Delay for a 'hop' of a freely cixculating packet. */
Fddi_Tk_HopDeiay =FddiLPropjDelay + FddiStLatency;

1* The TPri [0 state variable array supports priority ~
/* assignments on a station by station basis by */
/* t-stablishing a correspondence between integer priority *
/* levels assigned to frames and the maximum values of the *
/* token holding tinmer (TilT) which would allow packets to be *
/* sent. Eight levels are supported here, but this can easily ~
/* be changed by redirnensioning the priority array. *
I* By default all levels are identical here, allowing ~
1* any frame to make use of the token, so that in fact *

1* priority levels are not used in the default casz. */

1* 01JAN94: (8-i) is a quick attempt to impart different weighting *
/* scales on each priority level, and is not necessarily realistic.-Nix ~
I* Be aware of integer-double arithmetic conflicts ie. 1/8 = 0. -Nix ~

op-ima-objattrget(my-objid. "T-Req", &T...Req).

T-Prifi] = ((double)(i + 1.0)/8.0) * Fddi.....Opr.
1/* printfC'MAC INIT: T-PriI%dJ is %lf; */
/* Fddi_T_Opr is %Mun". i. T.Yri[i], FddiTOpr); *

/* Create the token holding timer (TMDT used to restrict the ~
1* asynchronous bandwidth consumption of the station ~
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THT = fddi_timer_create 0;

/* Create the token rotation timer (TRT) used to measure the */
/* rotations of the token, detect late tokens and initialize */
/* the THT timer before asynchronous trannismissions. */
TRT = fddi-imer.create 0;

/* Set the TRT timer to expire in one TMRT */
TRTSET (my-address, op-.simjtime () + FddiT_ Opr);

1* Initialize the LateCt variable which keeps track. */
/' of the number of TRT expirations. *1
LateCt = 0;

/* initially the ring operates in nonrestricted mode */
restricted = 0;

/* Create an Interface Control Informiation structure */
/* to use when delivering received frames to the IC. */

/*1ISEP94: changed to new format, adding pri and cr-time**/

tollcici-ptr -op-ici_create ("fddi-macind-tcp");

/* The 'tk-registered' variable indicates if the station */
/* has registered its intent to use the token. */
tk-registered = 0;

/* Determine if the model is to make use of the token */
/* 'acceleration' mechanism. If not. every passing of the */
/* token will be explicityly modeied, leading to large */
/* number of events being scheduled when the ring is idle */
/* (i.e. no stations have data to send). */
op-ima-sim-attrget (OPCIMA-INTF3ER, "accelerate token".

&FddiTk_Accelerate).

/* Obtain the synchbronous bandwidth assigned */
/* to this station. It is expressed as a */
/* percentage of TTRT and then converted to seconds */
op ima objattr.get (my-objid, "sync bandwidth", &syncpc);
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sync-bandwidth = sync-pc * Fddi_T.Opr;

/* Only one station in the ring is selected to */
/* introduce the first token. Test if this station is it. */
/* If so, set the 'spawntoken' flag. */
/* op-ima-sim-attget (OPCIMAINTEGER, "spawn station",

&spawn-station); */
/* spawn-token = (spawnstation == my-address); */
/* If the station is to spawn the token, create */
/* the packet which represents the token. */
/* 14APR94 :the bridges will spawn token in both rings */

/* -Karayakaylar */
spawn.token = 1;
if (spawn-token)

I
tk-pkptr = op.pk.create_fmt ("fddi-mac tk");

/* assign its frame control field */

oppk_nfdset (tk..pkpt-, "fc", FDDIFCJTOKEN);

/* the first tokeu issued is non-restricted */
op.pk-fd-set (tk pkptr, "class", FDDi _TNONRESIIUCIED);

/* The transition will be made into the ISSUTK */
/* state where the tk_usable variable is used. *I
/* In case any data has been generated, prse */
/* this variable to one. */
tkjuable = 1;
}

/* When sending packets the variable accumnbandwidth is */
/* used as a scheduling base. Init this value to zero. */
/* This statement is required in case this is the spawning */
/* station, and the next state entered is ISSUE TK */

accumbandwidth = 0.0;
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/* state (NIT) exit executives */
FSMSTATEEXIT_FORCED (0, state0 exitexec, "INIT")

!
}

/** state (INIT) transition processing **/
FSMITCOND (spawnjtoken)
FSMDFLT COND
FSMTESTLLOGIC ("Nw')

FSMTRANSrT SWWH
{
FSMCASE TRANSIT (0, 2, state2.enterexec,;)
FSMCASETRANSIT (1, 1, staJ.teenter exec,;)

/* -----------.------ ---------- *-1--.--...............-,

/** state (FRREPEAT) enter executives **/
FSMSTATE ENTERFORCED (6, state6_enter exec, "FR REPEAr')

I
/* Extract the destination address of the frame. */
op-Wpkfdget (pkptr, "destaddi", &destaddr);

/* If the frame is for this station, make a copy */
/* of the frame's data field and forward it t,
/* the higher layer. */
/* 14APR94: In order to send the frames which are */
/* addressed to the remote Ian, check the address database */
/* of remote Ian. Frames addressed to the remote Ian shouldn't */
/* be repeated in the local ring -- This is a simple forwarding */
/* decision algorithm, one of the bridge's function */
/* - Karayakaylar *1
if((destaddr = myaddrss)I(destaddr <= 9))

{
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/* record total size of the frame (including data) */
pkjlen = op-pktotaLsizeget (pkptr);

/* decapsulate the data contents of the frame */
/* 29JAN94: a new field, "pri". has been added to */
/* the fddij-lc..fr packet forma. in the Parameters */
/* Editor, so that output statistics can be */
/* gnexated by class and priority. -Nix */

opjpk nfdget (pkptr, "info", &data.pkptr);
op.pkjnfdget (pkptr, "pri". &prilevel);

/* The source and dostination address are placed in the */
/* LLC's ICI before delivering the frame's contents. */
opjici attrset (tojlc_iciptr, "srcaddr", src addr);
opici -attrset (toilie ici_ptr. "dest addr", dest addr);
*************** ************************************************

/* 11SEP94: added pri and cr_time to fddimacind ici***/

/* both are needed for data collection***/

opici-atrset (tojlc ci...ptr, "pri", prilevel);
oppkjnfd.get (pkptr, "crjime", &creationtime);
opjici attrset (to._lUcici_ptr, "crime", creationime);

op-ic install (tojlc_ici_ptr);

/* Because, as noted in the FRRCV state, only the */
/* frame's leading edge has arrived at this time, the. *
/* complete frame can only be delivered to the higher */
/* layer after the frame's traasmission delay has elapsed. */

/* (since. decapsulation of the fame data contents has occure, */

/* the original MAC frame length is used to calcalate delay) */
tx-time = (double) pk.len / FDDITXRATE;

op-pk send._Aelayed (datapkptr, FDDILLC_STRMOU, txctime);

/* Note that the standard specifies that the original */

/* frame should be passed along until the originating station */
/* receives it, at which point it is stripped from the ring. */
/* However, in the simulation model, there is no interest */
/* in letting the frame contiaue past its destination unless */
/* group addresses are used, so that the same frame could be */

/* destined for several stations. Here the frame is stripped */
/* for efficiency as it reaches the destination; if the model */
/* is modified to include group addresses. this should be changed */
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/* so that the frame is copied and the original repeated. */
/* Logic is already present for stripping the frame at the origin. */
op._pkdestroy (pkptr);
I

/* 14APR94: the frames belong to this ring should be repeated. */
/* Thus, local traffic is constrained.-- This is filtering decision */
/* One of the bridge's function - Xarayakaylar */
else{

/* Repeat the original frame on the ring and account for */

/* the latency through the station and the propagation delay '/

/* for a single hop./
/* (Only the originating station can strip the frame). */
op_,pk.senddelayed (pkptr, FDDIPHY_STRM_OUT

FddiStuLatency + FddiPropDelay);
}

I

/** state (FRREPEAT) exit executives **/
FSM_STATEEXIT_FORCED (6, state6_exit-exec. "FRREPEAT')

/ state (FRREPEAT) transition processing **/
FSM-TRANSITFORCE (1, statel enter-exec,;)
/* -------------------------------- ----------------------- */

/** state (ENCAP) enter executives **/
FSMSTATE_ENTER_FORCED (8, state8_enter exec, "ENCAP")

i
/* A frame has arrived from a higher layer; place it in 'pdtwptr'. */

pdu..ptr = op_pkget (opintrpt_stum 0);

/* Also get the interface control information */
/* associated with the new frame. */
ici-ptr = op-intrpt-ici 0;
if (iciptr - OPCNIL)

I
sprintf (errorstring, "Simulation aborted; error in object (%d)",

opid-self 0);
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op-sim-end (error-string, 'fddi-mac: required ICI not rectived", ... 4 ... );..

/* Entact the requested service class *
/* (e.g. synchronous or asynchronous). *
if (op-iciattr-exists (icisptr. "svcslass"))

opjici-atrret (icistr, "svc...class", &svcslass);
else svc-class = FDDI_-SVCASYNG;

/* Extract the destination address. */
opjciattr..get (ici-ptr, "dest-addr", &dest..addr);

/* Entact the original source address from ICI : 16APR94 '
opjiattrsget (ici..ptr, "sic-addr", &origsrcaddr);

/* If the frame is asynchronous, the priority and ' 1

/* requested token class prameter may be specitied. *
if (svc class == EDDISVCASYNG)

I
/* Extract the requested priority level. *
if (opjici-.amtiexists (ici-ptr, "pri"))

pici-attrsget (ici.ptr. "pr' 4, &req .. ri);
else req pjij z- 0;

f* Entact the token class (resti-ictred or non-restricted). *
if (opici-atr-exists (icispt, "tkslass"))

op~jci-attu-get (icisptr, "tksOass", &reqstk class);
else reqjk Aclass =FDDLTjKNONRESTRKCTdD;

"~ Check for the default ICI values; if they are not present ~
"~ compose the frame: :21 APR94*/
if(dest -addr != orig-src addr)l

/* Compose a mac frame from all these elements.

/* 11ISEP94: mac frame format is changed to fddi_macjr... tcp***/

mac-frame-str = op -.pkscreatejfmt ("fddi~tnac-jr..tcp");
opj-k-jifc-set (macjriamesptr, "svc-class", svc~lass);
op. _pknf&_.set (mac-jramejntr, "dest-addr", dest -adclr);
/*op..pkpffd-set (macjframe-ptr "src-addr", my-.address);*/
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/* here original source address should be kept ini mac frame :16APR94*/
oppkjifd_sget (macjframe-ptr. "sr-_addr", origsrcaddr);
oppkjifdet (mac frame_nzr "info", pdu.ptr),

/* 11S EP94: cr _time is added to the- MAC frame (Obits) because it*/
I* is naeeded for calculations, but taken out of the LLC frame *

opici-attr.-get (ici-ptr. "cr-time", &creation..jime);
op~pkjffd-set (macjframe-ptr, "cr time". creationime);

printf(CNn* *****dest addr = %5dfn"jlest-addr);
printf("*******origsrc-addr-- %5cf\a",orgsr...addr);

if (svc class ==FDDI_SVCASYNC)

op.pk~ad-set (mac-frame-ptr, "tk-lass", req-tk~class);
op...pkjifdset (mac-frane-ptr, "phi", req-pri);

1* 04J .N94: if the frame is synchronous, assign it a separate *
1* priority so that it may be assigned its own subqueue, and *
/* thereby be assigned its own probe for monitorng. .-Nix ~
if (svL-class = EDD1_S VCS YNC)
I
op..pk...nfd-set (mac-frame-ptr, "pri", 8);

1* Assign the frame control field, which in the model *
/* is used to distinguish between tokens and ordinary *
/* framnes on the ring. */
op-pk..nfd-set (xnacjfranie-ptr, "W'", EDDI_FC_FRAME);

/* Enqueue the frame at the tail of the queue. */
/* 27DEC93: at the tail of the priorifted queue. ~
/* 04JAN94. must distinguish between synch & asynch. ~
if (svc class = FDDISVCASYNG)

opsubq.pk.._insert (req...pri. macjframne_ptr. OPC_QPOSJTAIL);
I

if (svc class E DDYSVCSYNC)
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opsubqpk_insert (8, mac.jramc.pw, OPCQPOSTAIL);
}

/* if this station has not yet registered its intent to */
/* use the token, it may do so now since it has data to send */
if (!tkregistered)

I
fddi_tk-register 0;
tk-registered = 1;

}

}/* end of if(dest. ddr != orig srq_add ) statement *

/* state (ENCAP) exit executives */
FSMSTATE_EXIT FORCED (8, state8_exitexec, "ENCAP")

/* state (ENCAP) transition processing *
FSM-TRANSrFOP.CE (1. statel enter exec.;)
/* ----------- ---- --------- */
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